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FOREXCRD

This is the second in the Office of Education's series
of evaluation handbooks., It complements the Tirst*
by appreaching the problem from a different viewpoint—-
that of the interested pariy reviewing evaluation re-
sults and selecting exampiary projects based on them,
Written by 6. ¥asten Talima2dge and Donaid P. Horst of
the Mountain View, California Office of RMC Research
Corporation, it is a preduct of contract OEC-0-73-6662
entitled, "Planning Study for tne Development of Pro-
ject Information Packages for Effective Approaches o
Compensatory £ducation.”

Review and appraisal of an evaluation'’s procedures are
presented in a series of steps. The handbook thus leads
the reader systematicaily to a judgment of whether or
not the evaluation’s results are valid. It aiso offers
suggestions for correcting those resuits when certain
measurement or analysis principles have been violated.
included as appendices are sample project summary work-
sheets, a discussion of the issues surrounding use of
criterion-versus norm-referenced tests, description

of the logic and mathematical structures of ceriain
regression models, and an overview of the hazards as-
sociated with the use of percentiles and grade equivaient
scores to describe chiidren's academic performance.

Otner handbooks forthcoming in the series organized

by the Office of Planning, Budgeting, and Evaluation
will discuss procedures for using criterion-referenced
tests in evaluation, for assessing children's affective
growth, for estimating standard replicable project costs,
for evaluating non-instructional project components,

etc.

Janice K. Anderson

0ffice of Planning, Budgeting,
and Evaluation

U.S. Office of Education

* A Practical Guide to Measuring Prcject Impact on Student
Achievement, Donald P. Horst, G. Kasten Tallmadge, and
Christine 3. Wood, RMC Research Corporation, Fountain
View, California, 1975. Government Printing Office
Stock Number 017-080-01460, $1.90.
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I. INTRODUCTION

This report was developed in conjunction with Contract No. OEC-
0-73-6€62 eatitied, "The Developmant of Project Information Packages
for Effective Approaches in Compensatory Education.”
implies, the contract effort was primarily focused on packaging con-
cepts azd procedures shich would facilitare the replication of sound

2s its name

educational practices. There was great concern, however, that the S
projects selected for replication should indeed be exemplary ia pro-
ducing significant cognitive achievement benefits.

\
|
|
Because the selection process was to be based on existing data ‘

derived from 2 wide variety of experimental and quasi-experimental

evaluation designs, it was necessary not only to establish criteria 1|

for the statistical and educational significance of achievement gains ‘

but also to define procedures for verifying that these criteria were

met. This latter task was not regarded 1ightly, but it was, the

authors felt, something which could be accomplished in a straightfor-

ward menner by borrowing liberally from the work of Campbell and

Stanley (1963) and others. It did not seex= likely that much original

work would be required, or that this report would contain any signifi-

cant information not already preseat in widely read evaluation texts.

These initial impressions, however, were quickly to be rejected.

It was not long after work on the validation procedure began
that it became necessary tc put aside the well documented issues of
experimental design and statistical inference and to probe the nether-
world intricacies of achievement tesr scores and normative data.

Facts which appeared to undermine the validity of inferences drawn
from nearly all locally conducted evaluations quickly c’ame to light

as this exploration proceeded. The problems were so fundamental that
th; authors found it hard to believe they were not well known--yet

ERI!
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they were able to find little in the literature which was more than

marginally relevznat.

Before they started work on the validatioca procedure, the authors‘
considered themselves reasonably sophisticated in both the theory and
practice of educational evaluation. There were, however, a number of
detailsAwhich had escaped their attention. They were not aware, for
example, that a child scoring in the lowest quartile of the national
distribution could make gains greater than month-for-month over an
entire school year and end up farther below tke norm than he began.
They did not know that a fiftieth-percentile third grader could be
2.5 months below grade level in reading--or that an educational pro-
gram could® appear highly successful if the pre- to posttest interval
spanned the twelve months from 1 May to 1 ﬁay but would resemble an
instructional disaster if pupils obtained the same scores on tests. ad-

ministered one day earlier.

These outrageous incoherencies were just a few of the "hortof
stories” uncovered in the course of routinely examining real-world
evaluation studies. The sad part was that these or similar irration-
2lities were so pervasive that not a single evaluation report was found
which could be accepted at face value! Even more disheartening--many
of these evaluations followed procedures officially sanctioned by one

or more presumably authoritative groups of experts.

With each new discovery it became increasingly clear that this re-
port would have new things to say and would have significant implica-~
tions beyond the scope of the effort which spawned it. For this reason,
it has undergone several revisions intended to increase its general
usefulness. On; significant change involved removing as much as possible
of the material which dealt with project selection criteria unrelated
to cognitive achievement benefits. Discussion of these criteria (cost,
availability, and replicability) was clearly specific to the contract

effort and appeared to detract from the ugefulness of the report for a

broader audience.

While the coverage of the report has changed somewhat from earlier

&2
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versioas, its format remains the same. The largest scction of.the
report consists of a 22-step procedure for validating the effective-
ness of educational projects using existing evaluation data. It is

oot intended as a guide for conducting evaluations but rather for
interpreting data assembled by others using a wide variety of experi-
meéntal and quasi-experimental designs. As-such, its coverage is not -
restricted’to‘"g " designs. It enconpas;es all of the conno;iy
employed evaluation -odel-,»but is not so much concerned with asgess-~
ing the relative usefulness of various dgéigns as with the deficiencies

and hazards inherent in each of thenm.

One additional point should be men;iqned,@gre. The orientation
of this report is that of identifying gdﬁditional projects which can
be considered clearly exemplary. Unfo;Edhatélyj in minimizing the
probability of classifying an‘unsuccesaful project as successful, the
decision-tree procedures. somewhat increase the probability of re~
jecting projects which may really be successful. If the goal were
to identify unsuccessful projects for tpe purpose of terminating

them rather than successful ‘projects for replication burpdbes, a

different orientation would be more appropriate.

Y
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II. PRELIMINARY sc&EEﬂIQ? OF CANDIDATE PROJECTS

-

The process of selecting and validating exemplary educational /
projeéts is viewed as iterative in nature with each criterion area - /
examined at several pzelimirary levels before analysis is undertaken _ (Y
at the depth which will ultimately be required. The specific steps
to be taken and the criteria to be used will vary as a function of each
study's particular objectives. The variations, however, should not
represent major departures trom the general sttategy which was eniployed
in selecting exemplary‘bompensatory educatign projects for packaging.

This strategy is described below. .

The process began with defiping the population from which projects
were-to be drawn, assembling a Iist of candidate projects, and solici-
ting available documentation from each of them. ..When these tasks were

completed, the investigators had in their possession an incomplete

pbolleg;ion of reports, data, and promotional literature on each can-

didate project.
'

Win 6;1ng this information, identifying and obtaining needed sup-
plemenfg:y data, and weighing the resulting evidence was a-complex
taskf, It required a substantial investment of effort including mail
and telephone communication with project personnel and usually at least

one site visit. Typically, it was not feasible to apply the entire

Bj?cess to all candidate projects, and scme preliminary scieening pro-

cedures were required. Projects which passed the preliminary screening
criteria were coneidered ”possigle" candidates for validation, and all
criterion areas-weré then systemitically investigated in grcater depth.

When there was doubt astto whether or not a project had met one of the '
preliminary Lriteria, ‘the project was ot rejected immediately. < Rather,
attention was focused on the specific criterion in question so that

definitely unsuitable projects could be identified and rejected with

a*minimum of superfluousseffort. . ¢

2
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Appendix A coatafas z set of worksheers which were developed to
facilitate the preliminary screeaiag of compensatory education projects
which were candidates for exemplary status. While the specific cri-
teria applied to this screening effort mdy oot be widely applicable
without modification, the worksheets s‘b\ouid serve as useful models
for any similar types of screening.

The £irst worksheet was completed for every candidate project
and provided 2 record of the disposition of the project. The first
two sections, “Cescription™ and "Prerequisites,” were completed as
the firsr step in processing informatica received from a project.
Information under these headings served to verify that the candidate
groject did indeed come from the population being considered. The
third heading, "Final Assessment” was used later to summarize the
results of tae investigations in each of the four aajor criterion areas.

The second worksheet, "Preliminary Screening Criteria® comprises a
checklist which was used for all projects which mset the prerequisites.
Checks were made wheaever it was possible to determine that a criterifon
had been met. Conversely, if it could be determined that one of the
criteria was not met, the project was imsediately xejected and mo

.effort was spent examining other areas. Where doubt existed, efforts

were focused on the questionable areas one at a time until either it

was determined that all criteria were met or the project was rejected.

The third worksheet, entitled "Analysis of Project Evaluation,”
was used to describe the tryout design in such a way as to summarize
the evidence of effectiveness and provide a context for its iaterpre-

tatfon.

The use of forms such 3s those included in Appendix A -for sum~-
marizing a2cd recording preliminary screening information may give the
nisleading impression that the Screening process fs quite rigorous.
In fact, it is no more than a coarse grouping procedure whereby edu-~
-atfonal projects are categorized as (a) apparently meeting the
selection criteria, (b) apparently nor meeting the selection criteria,
or (c) can’t tell. Even the distinction among these groups is mot at




all clear—cut in the effectiveness area where xisuse of experimestal
designs and statistic2l procedures is quite comwon and 3ffects resulrs .
40 ways that are not easily decipherable.

It vas decided that the derafled validaticn procedures wouid be
2pplied solely to projects which appezred, on the basis of preliminary
screeaings, to meet the selecrion criteria. Only if the number of
such projects which survived validation was inadzguate would it be
necessary to dip into the "can’t tell” category. At that poiat,
validation procedures would be applied to those grojects which the »
inves~igators felt were most promising based on whatever circumstan—
;:131 evideace they could assemble.

This process would continue, one project at a tine, uatil either
the "quota™ was filled or vmtil it became clear that the original
classification had been excessively cptimistic and that the probabilicy
of finding aldditional succesces was so remote as to suggast zbandcaing

the search.
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i11. TVALUATISG PROJECT EFFEZCTIVENESS

Assessing the effectivensss of 2n educativual project presents an
intrinsicaily difficult problen. The evaluator faces many pitfails
which may be broadly categorized as relating to measuremeat, experimental
design, or statistics. Hazards exist in each of these areas vhich nmay
corplerely fnvalidate any inferences which might be drawn from the data
regardiag project impact.

Conventions for experimeatal design =nd associated statistics have
been developed to deal eifectively with evaluatiop problems in controlled
experimental settings. Standard reference books describing these con-
ventions are widely available (e.g., Winer, 1971) and zre well knosm
to most evaluation specialists. Unfortunately, in zhe real world of
education it is often impossidle to erploy rigorous techniques, 2ad f{t
is extredely rare to find a compeénsatory education project which satis-
fies all, or even most of the fundamental principles of good research
design. The problem is so widespread, in fact, that if one were to
reject all projects :rith less-than-ideal evaluations, the possibility
of finding even a few exemplary projects would be extremely remote.

Hany of the weaker desigrs have been discussed at length by
Cacpbell and Stanley (1963) along with the “threats to internal and
external validity" associated with each. These authors, however, have
hardly touched upoa the equally important and related problems of
educational measurement. Scoring, scaling, and norming consideratioans
are fundamental to all educational evaluations and are particularly
critical to those designs which expioy non-equivalert comparisoa groups

or no comparfison grcup at all.

The extent and cozplexity of the experimental and measurement
problems inherent in evaluatfon call for a systematic procedure for
reviewing project evaluations, for identifying and assessing the fmpact

of their shortconmings, and for mzking reasonable judgments regarding
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prolect effectiveness while cai’efully welighing 211 relevaar factors. 7

To meet this meed, a2 22-step decision tree was developed. The decision
tree uw2s dcsis:ed_ to insure 2pproprizate consideration, in any evaluation
study, of each of the threats to valid inference discussed 3y Campbell
2nd Stanley {1963) relevant to the specific design employed. It also
facuses attention on probdlems related to whether comparisons are xade
2g2inst ccatrol grotps or are norz-referenced, the type of scores on
which statistical operztions are performed (raw, standard, scaie, per-
ceatile, grade-eguivalent), and the bases on vhich rreatment—control

{or norm group} comparisons are made (posttest scores, adjusted posttest
scores, gain scores, etc.).

A procedure of this type cannot, of course, be agplied in 3 vacunum.
it aust be tied to pre-established criterfa to which each judgment can
be related. Principal among these criteria a2re (a) the minimm inzre-
ment of cogaitive benefit vhich will be considered educationally sig-
aificant and (b) the xinimum non-chance probability level vhich will be
accepted as statistically significant.

It should be pointed out that the establishnent of criterfa for
educational and even statistical significance is a matter of policy
decision-raking and has only tenuous tfes to “science.” while it is
clear, for example, tha. the goal of compensatory education is to raise
the achievement levels of lis>“vantaged -children from some starting
point to an ead point which is closer to the national norm, the amount
of gain required for projects to be considered exemplary is almost
entirely a matter of opinion. The only scientific issue is that of
selecting or developing 2 suitable metric for quantifying the cognitive
gain criterion.

The use of grade-equivalent scores has appeared to offer a conven-
fent solution to the problem. It is intuitively logical that, regardless
of how far below the nationzl norm a chiid a2y be, 1f he mskes gains
which are greater than ooath-for-month he will faprove his status. It
is also intuitively logical that if he makes gains which.are less than
nonth-for-month, he will fall farther behind the national norm. Thus
it has been common practice to assess cogaitive growth in terss f/

—

—
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grade-eguivalent gairs per month of project exposure and to accept gains
equal o or greater than month-for-month 3s educatfopaily significant.
Uafortunately, this conveztion 15 fundamentally unsound and cfter leads
to Incorrect Iaferences about the impact of special izstructional
projects.

Because cognitive growth is nor 3 1isear function of time either
between or within years, because zest publisbers do not collect enough
normative data to construct more :u::in;x_,ful raw-to-gradc-equivaient-
score conversion tables, and because a lot of interpolation, extrapola-
tion, and curve-swoothing is always involved, grade-equivalen: scores
simply do oot behave in a fashion which is consistear with dntuirive
or logical expectations. These and other technical problems associazted
with grade-equivalent scores and grade-equivalent gains are discussed
in deta2il later in this report, and examples of some 0f the iancoherencies
which actually occur in real-worid situztions were presented in the
Introductfica. Eere it 4is sufficient simply to say that such scores do
2ot provide a suitable medium for measuring the achievement gains that
=2y result from compensatory educatfon projects.

Even 1f grade-equivalent scores possessed the characteristics which
they are typically presumed to have, the moath~for-moath measure of
effectiveness would be deficient in that it would systematically dis-
crininate against projects serving those macst in need of compensatory
programs. This systematic bias stens from the all-but-trivial fact
that increasing aa achievement growth raie from 0.9 to 1.0 nonth-per~
zonth requires less remediation than raising’one from 0.7 to 1.0. A
nore equitable measure would be one which is independent of the iditial
degree of disadvantagement of the children beﬁ.ng served.

In order to be independent of initial achievement status, any
aeasure of gain must be expressed in terms of an equal-interval scale,
i.e., the units of the scale gust be the saae size over the entire range

of scale values so that a gain of five points :épi:esentc exactly the

same apount of cognitive growth regardless of vhether it occurs at the
low end of the scale, the niddle of the scale, or the hign end.




Norralized staodard scores comprise such 2 scale and thus provide aa

equizable metric for quantifying gains. There is znother problem ia

quantifying gains, hovever, vhich relates to the mon—comparability of
faformation derived from one scale of pormalized standard scores with
thar derived from anotker.

A standard score is siuply the difference between a particular
"sbserved” score 2ad the mean score of the foral group tested, expressed

in standard deviation wumits. _

standard score =

As such, irs value (size) depends oa both the mea2n and the standard
deviation of the particular group which was tested. Different groups
of course, can be expected to have different mean scores and differeat
standard deviations; thus there will be no comparabiiity between
standard scores or standard score g2ins from group to zroup.

To soive the comparability problem, it is only necessary to use
standard scores which 2re referenced ro the mean and standard deviation
of a2 nationally representative sample rather than the valuves derived
fron the particular group tested. I{ , for example, several different
groups of children were tested 2+ :Tx,e beginning of third grade, the
scores of each child _couTd be expressed as deviations from the national
average for beglaning third graders divided by the standard deviztion
0f the national population of these children. Scores derived in this
way weuld provide a suitable metric for quantifying geins and would
also enable equitable ccmparisons of gains to be zade among Projects
serving children with different degrees of initial disadvantagement.

These considerations led the authors to advocate the use of stan—
dard score gains referenced to the national norm as the medium in which
to cast vhatever definition of educational significance might be
decided upon. Scbsequently, a gain of one—third standard deviation -
with respect to the natfonal norm was chosen (on ‘sonewha: arbitrary .
grounds) as the criterion to be used in the national packaging effort
for deternining exenplary: status. In that study, for a project to be
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considered for packagzing, the nean posttest standard score of project
parricipants had to be oane-third standard deviation higher with respect
to the national acrm than the mesn pretest score of the sane children.

Criteriz for educationally significant gains will vary 2s a fuzc-
eion of each study’s objectfves. 7Tbe 22-step decision tree was developed
S0 2s oot to be irrevoczbly tied to either standard sceres or to gzias
of cne-third standard deviation. It is both aore geseral and more
permissive than the specific criteria which were adopted for selecting
exenplary projects under Coatract No. OEC-0-73-6662. 1t is, in fact,
independent of any specific criterion.

Many, if not most of the steps in the decisica tree explicitly call
for judgments from the evaluator. At each step it is assumed that the
evaluator is tuoroughly familiar with the issves involved and is quali-
fied to make 2 judgment based oa complex zechnical considerations. Each
decision-tres step is accompanied by a discussicn which is intended to
define the question that is to be answered, but little or mo attempt is
made to explain the underlying problexs. Such explanations are included
in separate appendices in instances where commonly accepted pricciples
or practices are discredited and where new or unusual approaches are

endorsed.

It is assumed that the evaluator is familiar with the relevant
statistical tools and will apply them appropriately ia making his deci-
sions. For this reason, standard statistical procedures 2re discussed
briefly, if at all. More isportantly, it should be pointed out that
educational evaluation is, and probably will continue to de, an inexact
science. Even where the most powerful designs are used, it will be
possible to generate plausible hypotheses attributing the observed re-
sults to sooe influence other than the instructional treatment or to
factors unique to the tryout site in question. Where weaker designs are
e«:pioyed, it will be highly desirable, or even essential, to streagthen
the validity of inferences regarding project effectiveness by amassing
as ouch supporting evidence as possible. In any case, consistency of
findings across several replications of an evaluation study would con-

stitute the post convincing kind of supporting evidence.
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Figure 1, oa pages 46 and 47, sucrmarizes the 22-step decision tree
in fiow-dfagraxm form. Each step Is discussed separately on tke pages
oreceding Figure 1.

The particular path to be followed thrcugh tke dectalon trees depends,
of course, on the specific design employed in the evaluation stody vnder
consideration, but each path is structured so as to focus attentfon en
the design, analysis, and interpretation pitfalls likely to be « icountered
usfng that model. Unless 3 project hias been evaluated in several dif-
ferent ways, substantiaily fewer steps will be required than the 22 which
comprise the eatire decisicn tree. Page 2 of Worksheet 11I, Appendix A
was designed for summarizing the considerations of each point in the
decision trees and for recording whatever relevant judgments are nade.

One a2dditional comment which should be made with respect to the
decision tree relates to the fzct that it has a number of exit points
labeled REJECT. The intent of these exit points is pever that the Project
be rejéc:ed a2s unsuccessful. W%hat is rejected is not the project but the
evaluation data which, if the decision-tree process has been carefully
followed, have been shown to be inadequate as a basfis for reaching any

conclusion with respect to the success or failure of the project.

It should be clear from the above and, indeed, from the decision
tree itself that exacting compliance with the conventions cf experimental
design 1s not generally feasible in real-world educational contexts.
Throughout this report the explicit emphasis given to the subjective
components of the evaluation process constitutes a deliberate éttezpt
to avoid the misleading impression of algorithmic rigor that afght
resuit if the role of judgmeat wére obscured by rigid procedures, -arbi-
trary criteriz, and dubious tests of statistical significance.

[
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estion

1v.

DECISION TREE FOR VALIDATING STATISTICEL SIGNIFICAKCE

Step 1

Are the test instruments adequately reliable and wvalid for
the population being considered?

Yes Proceed to Step 2

Ko Reject test scores as measures of
project success

The sensitivity of any assessoent of instructional impact
will be directly related to the reliability and validity of
the test instruments used. Evaluation designs wvhich depend
on both pre- and posttest scores (e.g., regression models)
are especially dependeat on highly reliable 2nd valid in-
strements and, when using such designs, these characteristics
should be more heavily veighted in the test selection pro-
cess than might be appropriate where conventional experi-

nental designs are employed.

Even where conventional exparimental designs are used and
practical concerns such as testing costs and time will in-
fluence instrument selection, reliability and validity
considerations must not be ignored. It should also be
remecbered that the reliability and validity £igures cited
in test publishers’ manuals may not be appropriate for the
group being tested or under the circumstances involved.

There are several potential problems:

1. The cited reliability coefficients are likely to
be measures of internal consistency (e.z., split
half, Alpha) rather than measures of temporal

13
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stability (e.g., test-retest). %hile the two
types of reliability estizites tend to be
closely rel2ted, there may be significact dif-
ferecces, acd the coacern here is the extent

to which the test will yield the same scores on

successive adminisrrations.

2. The cited reliability coefficients are likely to
be too high if the Zroup to be tested represents
only 3 portion of the grade-level span for which

- the zest is nominally intended.

3. The cited reliability coefficients are ’iﬂ:ely to

be too high if the group to be tested is re-~
* stricted in its range of ability. Relfabilities

for disadvantaged and gifted groups, for example,
will be lower than reliabilities for representa-
tive groups. A rough reliability estimate for
2 treatment group with a restricted range of test

- scores (e.g., bottom quartile) may be obtained
from the following forzula (Guilford, 1965,

p. 466): 2
on_ll - Tox ]
r =1- L
xxt - 32
t
wvhere
rxx" = yelisbility for the treatment group

t

yx = reliability for the ‘norm group
n

s, = treatment group pre— or posttest
standard deviation (whichever is
smaller)

¢, = morm group standard deviation
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the standard error of measurement for the trezt—
ment group is egqual to the srandard error of
measurement for the nora group. If the experi-
mental group measurezent error is zctually

higher thaa that for the norm group, this estizate
of test reliabiliry will be too high (see S:canley,
1971, p. 362).

This formula is based on tkhe assumption that 1
Floor effects will further lower reliability for 2 group in
the lowver tail of the distrivution, and 3 judgment must be 1

made as to the izpact of these effects (see Ste; 2).

s
It should be kept in mind that test administration and
scoring procedures m;y hzave irportant effec:is on reliability
and vaiidity. Ualess the procedures outlined in the pub-
1isher®s test manual are followed closely, the obtained
scores may seriously misrepresent 2chievement levels. This
problen is particularly acute where the effectiveness of an
instructional project is assessed by means of norm-group

coxmparisons.
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Question

Commert

Step 2
Are pre- or posttest score distributions of any groups
curtailed by ceiling or floor effects?

Yes Estinmate the sicze of tiae effect, record
on the worksheet, and proceed to Step 3

No Proceed to Step 3

Ideally, the lowest scoriag pupil should score above the
chance level on the test and the highest scoring pupil
should score below the maximum possible score. The actual
chance level is difficult to estimate since it depends on
the guessing strategy of each student. For students who
guessed randomly on all items they didn’t know, chance
would equal the number of ftems divided by the number of
response alternatives per item. Students often leave
itexs blank, however, even when instructed to guess, and
when they do guess, their choices are not necessarily
selected randomly from all available alternatives. Because
of these problems, the most practical way of identifying
floor or ceiling effects is inspection of score distribu-
tions for excessii2 skewness. If the treatment children
encounter the test floor on pretesting, or the ceiling
on posttesting, their gains will be underestimated. (Gains
would only be overestimated where the ceiiing was encoun-
tered on pretesting and/or the floor on posttesting. This
improbable event could occur where different levels of a
test wezre used ;‘Eor pre- and posttesting but there is gen-
erally enough overlap between levels so that this type of
situation can be avoided.)
bt} .
If the experimental design employs a control group, it
wotld be subject to similar estimation errors which would

16




then need 0 be considered in combinatfion with those of

the trea.meat ZToup.

There is no foolproof method of estimating the size of
ceiling or floor effects. In 2 symmetrical distribution,
however, the zean and median will be equal. Cospressing
one end of the distritution will affect the dean but not
the median. The median, then, may provide a reasonable
estizate ’of vhere the mean would have been in the absence

of a cefling or floor effect.
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Step 3

Question Is there reason to believe that the pretesting cxperience -
may have been at least partially responsible for the ob-

served treatment effect?

Yes Estimate the size of the effect, record
on the worksheet, and proceed to Step 4

y No Proceed to Step &

~ Comment if standardized tests are used, and the experizental
- design enploys a control group, the pretest;ng ;xperience. -
‘ should have little or no effect on the outcome of the . -
- evaluation. Pretesting with criterfon-referenced tests,

‘e

however, may sensitize pupils as to what they are expected
to learn. This sensitization may interact differentially
f : with the learning experience available to treatment and
- control pupils so as to produce greater learning of
criterion itéms in the treatment group.
A gore;serious problem arises where there 1is no control
group because, as‘Campbell and Stanley (1963) point out,
", ..students taking the test for the second time, or
- taking an alternate form of the test, etc., usually do
better than those taking the test for the first time
{p. 175]." Since, presumably, children in the norm groups
took the test only once, this spurious increment would be
present only in the posttest scores of the program partic-
ipants and could thus lead to erroneous conclusions re-~
garding treatoent impact. A compounding of this effect
! would almost certainly occur if pretesting were the chil-
dren’s first test-taking exberience. Under these condi~
tions, pretest scores might be artificially low. »

26
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Assumicg some test-taking sophiszication, a rule-of-
thumb estimete for the sfze of the practize effect would
be one tenth of a2 standard deviation 1f the same fo-m of
the test were vsed for both pre- and posttesting (Levine
& Angoff, 1958.) Use of zlternate forms would signifi-
caatly reduce this effect, but {s probzably an undesirable
practice except in rare cases where satching of tbe alter-

nate foras is nearly perfect.




- \ B Step &

estion . Is there reason to belfeve that knowledge of grovp mewber—
N 4 - ship m2y have been 2t least partially responstible for the
observed treatment effect?

Yes ZEstimate the size of the effect, record

: on the worksheet, a2nd proceed to Step S
- - Yo Proceed to Steg S
Comment Knovledge of group membership =may produce the Hawthorne
effect in meabers of the treatment group or the "John
- Henry" effect (Saretsky, 1972) in the control group.

[The Bawthorae effect is the occurrence of a performance

Incresment which results, not from the efficacy of a par-

ticular trestment, but simply from ac awareress that some—
: . thing specizl 15 being dore. See Whitehead (1928) and
Parsons (1974) for further explication. The John Heary
effect arises when those who do ot receive spscial treat-
ment oake an extra effort in an-attempt to demonstrate
that they can do just as well without .t.] There are
other spurious infiuences of this type vhichv may also
confuse the issues. Chil&ren may deliberately score pooriy
on 3 test in order to get into a special program or to
keep from graduating out of 3 progrzm they enjoy. They
may also score poorly to punisn a teacher or developer
they dislike.

In theory, many of these effects could be experimentally
controlled through use of a2 placebo treatment 3s is com-
monly done in medical research. 1In practice, however,
- 4 this approach is not feasible, and the educational re-
- . searcher is lerc iIn the unenviable position of haviog
no experimental or statistical techt;’i_que for controlling
such influ;nces. Although they have a2 tendency to dis-
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sipatre with tine,'the researcher has no yeal Tecourse dur
To Tely on his own experience and judgment In decidizg
whether trearsent outcomes should de attributed eatirely
to trearment effects or wherher knowledge of group member-
ship imcreased or decreased the apparent impact. Estimer—
ingz the size of such effects, of course, can be done only
very crudely 2ad even such judgments 2s ™zoo small to

have produced the observed effect™ or "large-enough to
have obscured true project impact™ will aluays be open to
- question.

-—
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Is there reason to belfeve that student turnover may i'xave
been partiaily respoasible for the observed treatment
effect?

Yes Estimate the size of the effect, record
oa the worksheet, 2nd proceed to Step 6

Xo Proceed to Step 6
Yost cften, educational evaluations restrict their reporting
2o include only pupils Zor whom both ‘pre-and posttest
scores are avziiable. wWhile this is the preferred nathod
for deaiing with the problem, pupils ieft out of the A
2nalysis because of incomplete data are likely 2o be
systexatically different from those included {lower socio-
econoaic status, dore mobile farilies, higher absenteeisa
rate, higher dropout rate, et<.).
Where pretest and postiest scores are reported on groups
which are not identical (f.e., some children have pretest
scores only and other have just posttest scores), systenm-
atic bilases may be preseat. Students who dropped out, for
exazple, nay have been the lower scorers and thus have
contributed tc a spuriously low mean pretest score and
spuricusly high apparent gain. Pupils eantering a project
after it begins may also be atypical and may cause postrest
scores to be either too high or low. These possible in-
fluences -can be checked dy compzring pretest scores of
the pretest-only group with those of the pre-and-posttest
group and by following similar procedures with between-group

posttest score coxparisons.
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QOuestion

Step 6

Does the evaluation empioy 2 coatrol group?

Yes Skip to Step id
Yo Proceed 1o Step 7

The ters “control group™ is used loosely here to connota
aay comparison group other than a norm group. While the
two types of groups serve identical purposes, namely to
provide zn estimate of hov well tbe treatwmeat Zroup would
have performed if it had not received the treatment, norma-
tive dara generzlly differ substaatially from datz collect-
ed on control groups, 2ad different arz2iytic procedures
rust be employed. - )
Evaluations based oa morzm-group cozpérisons are dealt wicth
in the draach of the decisica tree which dbegins with

Step 7. Control-group designs are covered in the branch
beginning with Step 14.
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Step 7

¥ere pretest scores used to select the treatment group?

Yes Estimate the size of the regression
effect, record oz the worksheer, z2ad
proceed to Step 8

Yo Proceed to Step 8

It is often the case that children with the greztest
educational need are selected for program participatfion
:fm;n a larger group of children. If this selection is
based on achievement test scores vhich are subsequently
treated as pretest measures, a spurious negative corra-
lation is produced detveen pretest performance and gains
from pre- to posttest. This spurious relatfonship arises
from the fact that scores at the low end of the distribu-
tion reflect a preponderance of negative weasuremsnt
error while those at the high end refiect a preponderance
of positive measuremeat error. Izmediate retesting of the
extreme groups {using an alternate form of the test) would
shov the so-called regression effect vhereby the mean
scores of these groups would move closer to the original

totai-group mean than they were on the original test.

The magaitude of the regression effect can be approxi-
mated by estimating the mean pretest “true” score from
the test reliability. To obtain this estimated mean true.
score for a selected subgzroup, the subgroup pean should be
subtracted from the total group mean and the difference
2ultiplied by one minus the test-retest o~ alternate-forn
{not split-half) reliability. The estinated zean true .
score is then obtained by adding the result of these caz-

culatioas to the Dean score of the selected subgroup.
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it is clear that the size of the regression effect Is
inversely related to the reliability of the test in-
strumeat which is used. For this reason it is importaat
to remesber that the reifabiiiry coefficteats preseated
in the test pubiisher’s mznual are 1likely to be too high
for applications where the group tested represents a
restricted range of abiiiry. Step 1 presents 2 procedure
for estimaring reliabilities under such circunstances, butr
1t should be noted that even these estimates may be too
high and the size of the spurious regression may thus de
vnderest izated-
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Step 8

Are normative data avafiable for testing dates which can
be meaningfully related to the pre- 2nd postiesting of
the program pupils?

Yes Proceed to Step 9

Xo Zeject norm-grovp comparisons as z2dequate
evidence of project success

Some test publishers have collected normative data at
=ore than oae poiant during the school year while others
have relied on 2 single data point Ipez: year. 1In either
case, it is common practice to yublish separate noras
tables for the begimming, middle, and end of each school
year. Obviously, some of these norms are constructed
through processes of interpolation andfor extrapolation.
These constructed norms, while possibly useful for
covnseling or diagnostic purposes, are 1ikely to be in
error by amounts iarge enough to invalidate any inferences
drawn about cognitive growth. If they are based on pro-
Jections of more than a zonth or two, they should pever
be used for assessing the impact of educational Influences.

¥here real (2s opposed to constructed) norms are used,

they should be treated in the same nzoner as date from a
control group. While even the most naive evaluators would
recognize the folly of testing treatment and coatrol

groups at significantly different times, test publishers'
suggestions that their norms are valid over three- or evea
four-month periods are rarely questioned. Clearly, however,
the treatsent group is being compared to a norm group test-
ed at specific times, and unless the testing times of the
two groups correspond very closely, cany comparisons are
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14kely o be quite misieading. Ideally, the treatment
group should be tested at times exactly corresponding
to real normative data pofats. If this is not possible,
I1inear interpolations or extrapolstions of a zonth or
even two months from the specific testing dates on which
the aoras are based shculd not.intrﬁuce large error
compoaents. Certainly, it is better to interpolate or
extrapolate than simply to use the given porms whea the
zesting times differ. (See also Appendix D.)

Another possibility, where testing times were non-come-
parable, would be to make explicit the comparisons which
were made. An example of this apyprodch might be as fol-
lows: "The mean score on the pretest (2dainistered at
grade level 7.1) feli at the 24th percentile of the
grade 7.5 norn 8roup vhile the mezn score on the posttest
(adninistered at grade level 7.8) was at the 36th per-
centile of the B.6 norm group.” %hile this approzch £ay
be somewhat coafusing, it is scientifically sound whereas
other commonly employed approachszs (e.g., use of con-

structed norms) are simply not meaningful.

Iy
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Step 9

estion Do the norms provide a valid baseline z2gainst which to
" assess the progress of the treatment group?

Yes Proceed to Step 10

No Reject porm-group comparisons as z2deguate
evidence of project success

Comment Ideally, the norm group should be a representative sample

of the population from which the ‘treatment group is drawn.

Thus, disadvantaged children should be compared z2gainst a

disadvantaged nora. %hile some work toward the develop~

P ment of such norms has been accomplished, only nationally
represestative norms are available for most standardized

achievenent tests.

It is, unfortunately, necessary to point out that norning
practices vary widely from-pubiisher to publisher and that
even the best norms may reflect some minor sampling
deficiencies. Normative data preseated in test publishers’
nmanuals should never be used uncritically without con-
sideration of the total size and representativeness of the

norm group.

¥hen groups of disadvantaged children are compared against
“national" norams, they are compared against a composite of
subgroups, some of which rmay be 1like them while others are
certainly not (e.g., non-disadvantaged "late bloomers").
For comparisons to be valid, these subgroups pust maintain
the saze relative positions with respect to one another

- over time, as significant among-group changes would in-
dicate differential group growth rates with respect to
the overall norm. At the present time, there is no

evidence that different group growth rates occur (despite
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the irplication of "late bloonming™}. Thus, while there
are potential hazards in using nationally represeatative
porns to assess the progress of atypical groups, it does

not appear unreasonable to do so.

Where treatmeat groups are clearly special (e.g., non-
English speaking), national norms should not be assumed
to constitute a deaningful basis for assessing progress.
One further commeat should be made with respect to
noraative data for grades above the elementary level.
Since dropouts come largely froa the low end-of the dis-
tribution, the percentile standing of the noa—dropouts
will decline. -To give an extrene exarple, if 211 chiid-
ren b:low the tenth percentile were to drop out, childrean
originally in the tenth percentile would izmediately
become first-percentile children. This effect, even 4in
less extreme cases, will cause an apparent negative
growth rate among the mon—dropouts. Unfortunately, it
43 not possible to adjust for this phenomenon in the
absence of nationally representative empirical data on

dropouts.
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Question

Coomment

Step 10

Is the cozparison between tke treatment group and the norn

group based on pre~ and posttest scores or on gain scores?

Pre- and postrest scores Proceed to Step 1
Gain scores Skip to Step 12

Gain scores developed from raw scores or most derived scores
Zre not readily interpretable ir norm-refereanced evaluations
and cannot be interpreted at all in the absence of pretest
status information. The problem stems from the fact that
the no-treatdent expectation fn such evaluations s that

the group will maintain its percentile standing with re-
spect to the national norm from pre- to posttest. Where
pre- and posttest scores are available, it s simpler and
less subject to error to work with these measures directly
rather than to use gain scores.

Grade-equivalent gains appear to be an exception to this
general rule. Cains expressed as grade-eguivalent months
per month of project exposure seem automatically to provide
a corparison with the average child. Not only is this ap-
pearance erroneous, but scaling and other problems associ-
ated with grade-equivalent gains are so Severe that these

scores are more misleading than useful (See Appendix D).

Gain scores derived from “regular” standard scores (as op-
posed to expanded standard scores) constitute the only
real excepticn to the need for pretest scores in norm—
referenced evaluations. Where such scores are provided
(e.g., for the Gates-MacGinitie) the no-treatment expected
gain is 0.0 points. Unfortundtely, very few publishers

include "regulzar" stondard scores in their test manuals.
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Step 11

Have appropriate statistical tests been employed to assess
the significance of the gain in treatment group performance
relative to the nora group?

Yes Slip to Step 22

No Skip to Step 13

The gain of the treatment group with respect to the nora
is determined by subtracting the expected mean posttest
score from the observed mean posttest score. To find

the expected mean posttest score:

1. Determine the percentile equivalent of the mean
pretest raw or, preferably, standard, expanded

standard, or scale score.

2. Enter the norn table appropriate for the post-
test with the pretest percentile and read out
the corresponding raﬁ, standard, expanded
standard, or scale score (the type of score
nust correspond to that of the obszerved mean
posttest score). This score reflects the level
of performance which would have been expected
had there been no special instructional treat-

Dent.

The statistical significance of the treatment effect can

be assessed using the formula on the following page.
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vhere ¥ = observed mean posttest score
Y = expected meda posttest score
Sy = pTetest standard deviation
SY = posttest standard deviatfon
2 -
Ty = correlatfion between pre- and posttest
scores

N = nunber of children

K-1 = degrees of freedon

Using this formula assumes that normative data are avafl-
able for testing dates comparable to the pre- and post-
test administration times (see Step 8). 1It_is also es-
sential, of course, that the norms be derived from large
and representative samples of the treatment group’s grade-

level peers.
Q0

Some test manuals provide simplified procedures for deter- *
nining the significance of a gain from pre- to posttest.
These procedures should not be used, however, as they

incorporate assumptions about the correlation between pre-

".and posttest scores which may not be applicable to the

project participants. The significance of the gain should

be deterained from data in hand.
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sestion

£

Step 12 .

Are pre- and/or posttest scores available?
Yes Proceed to Step 13

%o 2eject noro-group comparisons as adequate
evidexace of project success

Except in those unus:al fnstaaces s.'he'te g2in scores are
derived from “regular" standard scores (scores which have
been normalized and standardized indepeadently at ‘each
normative data poiat), it is not possible to derive gain
expectations from them. W¥here g2in scores derived from
“regular"” standard scores are available, the aean gain
score can replace the aumerator of the formula givea in
Step 1i and the szandard error of the zain (the standard
deviaticn divided by the nurber of pupils) can replace the
denominator of the same equation.

All other gain scores are uninterpretable with respect
to expectations. Unless, therefore, it is possible to
retriex;e pre- and posttest scores, vorm-group coxparisons

cannot provide 2dequate evidence regarding project success.

33




Step 13

vestion Can sppropriate statistical tests be erxployed to assess
the significance of the gain in treatment grov) perfor-

masce relative to the norm group?

Yes Compute appropriate statistics and
skip to Step 22 .

No Zeject norm-group comparisons as adequate
eviZence of project success

Comment 1f the mezn pretest and posttest scores zad the assoc%;;ted-
- standard deviatiozs are available, the statistical signifi-
cance of the treatnent effect can be assessed using the
formula given‘ in Step 11, p. 32. If tuese values are not
available and cannot be computed from raw datza, norm—gzroup
comparisons caanot provide zdequate evidence regarding )
project success.
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Question

Step 14

Yere the children, efther matcked or vavatched, randomly
assigned to the treatment and comparisen groups?

Tes Skip to Step 18
Xo Proceed to Step 15

A "yes” answer to this questicn fmplies that, prior to the
begizaing of the project, a pool of eligible children
existed and each child had an egual chaace of being
assigned to the treatment group. it further implies that
assignment wae made on a purely chance basfs withour 2ay
imowledge or consideration of the characteristics of thz
pupils (except, of course, wkere aatchirg was done prior
to assignment).

1f a matching procedure was employed, it should have beea
implemented as follows. The eatire pool of eligible
children should have been urganized into carefully matched
pairs on the basis of pretest scores and other potentfally
relevant variables (e.g., sex). One member of each pair
should thea have beea selected at_random for assignoment

to the treatment group. The remaining pember of the pair
would then, of course, have been assigned to the comparison

group.

Note: Matching after assignment to treatment and com—
parisoa groups is a fundamentally unsovnd practice. (See
Step 15.)

35




ERIC

Aruitoxt provided by Eic:

Step 15

Is there evidence that me=bers of the treatment 2nd
coatrol groups belong to the sane populatfon or to popu-—
lations that are similar on all educationally reievgnt
wvarizblss including pretest scores?

Yes Proceed to Step 16
Xo See Appendix C

Randon assigemeat will usually (but not always) produce
groups which are comparzble. ©na the other hand, groups
resulting from non-randon processes are likely to differ
from one another on educationally relevant dimensions.

If such differences exist, there is no entirely satis-
factory means of making detween-group comparisons. .

As Lord (1967) has pointed out, "If the individuals are
not assigoned to the trearmeats at random, then it is not
too helpful to demonstrate s:a:.fstically that the groups
after treatment show more differeice than would have been
expected from randon assignment——unless, of course, tke
experizenter has special information showing that the
nonrandom assignoent was nevertheless; random in effect

{p- 38]."‘ The same could be said where significant pretest
differences were found between groups which were developed

through random processes.

where pre-existing, intact gToups a'rc used as the treat-
oent and control groups, it is pot apbropriate to assune
that they ace, éven in effect, random samples frcm 2 )
fingle population. The probability that they may be
must be investizated empirically. At the very least,

-
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the two groups mst oot be significantly different in
terms of pretest scores. They should 2150 be comparable
in terzs of socioecoacmic states, age, sex, and raciai
acd ethnic composition. School size and setting (urban -
rural) as well as neighborhood should also be comparable.
Even with these factors equated, serious selection biases
zre comoon. Such biases are introduced when teacher or
studeat participation is voluntary or when experimental
groups are select=d by principais or teachers.

A comoon design error where comparable, intact groups
cannot be found is that of matching nexbers of the trear—
a=nt group wirh specific members ;af other, non-comparabie
groups. The assumption here is that a comparable control
group can be constructed through the matching process.
The fallacy inherent in this assumption is that the
selected subgroup is atypical of the group from which it
45 drawn and will show a regression toward the mean of
that group on postiest measures. Campbell and Stanley
(1953) describe this type of post-hoc matching as “a
stubborn, misleading tradition in educational experimen-
tation,” and as a “hazard” which is "frequently tripped
over [p. 2191."
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Comoeant

—————

Step 16

Are post-treatment comparisoas made in terms of posttese

or ga2in scores?

Postrest scores Skip to Step 19
Gain scores Proceed o Step 17

Two types of galn score are frequently usad in educarionil
evalvations: raw and residual gaf= scores. Raw gain
scores are derived by subtracting pretest scores from
posttest scores. Yhen rav gain scores are used, thz =fspe
of the treatment effect is defined 2s rhe treatmant
group’s rav gain score aminus that of the control group.

It can be shown that this difference is mathematically
identical to the treztment group’s posttest score minus
the control group's posttest score after the latter has
been adjusted by the 2atire amount of the difference be-
tween the two groups® pretest scores. Compared o co-
variance analysis, which the authors hold ro be the most
appropriate method to compensate for inirial differences
between groups, the raw gaia score adjustmént ls ex-
cessive and results in an overestimatioan of the treatment
effect vhen the treatment grcup’s pretest score is lower
than that of the control gcoup. Cenversely, raw gain scores
underestinate the size of the treatment effect vhen the
treatment group scores higher on the pretesr than the

control group.

Residual gain scores are not really gain scores at all.
They are differences between observed posttest scores
and posrtest scores predicted from the regression of

posttest on pretest scores for the combined treatoent
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and control groups. If the treatm’g has b&e}ec‘{”\

observed perforzance of the treatnent"sroup on the post-~

test will exceed the predicrion, whereas the performance |
of the control group will fall below the predicted walue.

The sun of the absolure values of the two deviaticns is |
presumed to yield a measurs of the treatment effect.

¥here there is no difference between groups on the pre-

test, covarizace analysis, raw gain scores, residual g2in

scores, 2nd even sinmple posttest ‘conparisons will all

yield exactly the same mezsure of the treatment effect.

As pretest differences are Introduced, howvever, the

measure of treatment effect obtained from residual gain

scores systezaticaily diminishes and approaches zerc vhere

iaitial detween-group differences are large. W%here any

pretest differences exist, 2 residuzl gain analysis will

alvays underestinmate the size of the trearmeat effect.

¥herever possible, covariaace analysis, preferably with

an adjustment for test unreliability (e.g., Porter, 1967),
should be used to compensate for initial differences be-
tueen treatment and control groups, — assuming, of course
that the two groups can be regarded a2s randoz samples

from a single populatien. Statistically significant treat-
ment effects found with either residual gain scores or

rav gain scores vhen the treatment group is initially in-
ferior to the contr91 group constitute adequate evidence
of project success. The real danger inherent in these
approaches lies in the rather high probability of rejecting
projects vhich are really effective.
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Step 17
Question Cz2n data be obtained which wouid enable application of

covariance 2n21ysis techniques, would such apalyses be
appropriate, and is there a reascnable expectation that
they would produce signtficanr results?

Yes Conduct covariance analysis aad
proceed to Step 22

No Skip to Step 20

Comment Wherever pretest differeaces between treatment and control
groups have resuited from random assignment procedures,
covarizance analysis may dbe employed to adjust for these
differences. where the treatment group was superior

on the pretest, this type of analysis will significantly
reduce the probability of incorrectly inferring a treat-
ment war successful when it was not. Conversely, where
the treatment group was initially inferior, ccvarfance
analysis will significantly reduce the protability of
rejecting a successful treatment as unsuccessful. In
both instances the covariance adjustment will iacrease
the accuracy of posttest measures so that the true mag-

aitude of program impact can be determined.

There is, of course, no justification fer the extra com
putationzal labor required for covariaace analysis if the
’ two groups obtained equal scores on the pretest. Further,
covariance analysis is not required where an initially
inferior treatment group scored significantly higher than
the‘ control group on the posttest if interest is restricted
. to the statistical significance of the treatoeat effect

rather than an estimate of its size.

4
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Step 18
Question Were pratest scores collected?

Yes Go back to Step 15
No Proceed to Step 20

Comment If assigoment of pupils to traatment and control groups
has been truly random, it 1s not essential to collect
pretest scores since valid inferences can be drawn fron
posttest score coxparisons. If pretest scores are col-
lected, however, more powerful statistical tests can be
employed in cases where the assignment process has
resulted in szmall inicial differences between the groups.
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Step 19

for initial differences berween groups?

J
|
sestion Have covarfance analysis techniques been employed to adjust
Yes Skip to Step z2
No Go batk to Step 17
Comment ¥here assignment to either the treatment or the control j
- group has been random or “randem in effect” (see Step 15),
small pretest score differences may be found between
groups. Under these circumstances, analysis of covari-
ance is the Dost appropriate statistical technique avail-
able for testing treatzent effects. If the analysis has
been done correctly, its findings may be accepted at face
value.
Covariance analysis must never be regarded as an adequate
technique for statistically equating dissimilar groups.
It can only be usgd vhere its assumptions (effectively
- / randonm assiganént and homogeneity of regression) are met
and where initial differences between groups are not
excessive. It should be noted that even where regression
is steristically non-heterogeneous, small differences ..
in regression line slopes introduce errors into the
. computations. These errors interact in a multiplicative
fashion with the size of the between-group difference.
A small error nultiplied by a big difference becomes a
big error. For this reason, it is common to use the 10Z
level for rejecting the hypothesis of homogeneous vari-
ance. Use of the 20%Z level would be appropriate when

the difference between group oeans is large.
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Question

Compent

Step 20

daye appropriate statistical tests been ecployed to
cozpare posttest or gain scores?

Yes Skip to Step 22
Yo Proceed to Step 21

A vide variety of statistical tesis and procedures can
be used for testing differences between groups. Raw or
(prefciobly) standard score cozxparis;ons may often be made
on either posttest or gain scores using parametric sta-
tistical tests such as Student’s t for independent means
{t for correlated ‘sco:es where pupils were matched prior
to assignment to groups) or analysis of variance. How-
ever, the data shouid be inspected to confirm that the
assumptions of these tests have been met, since score
distributions from spacial instructional projects may not
ceet requirements such as norzality due to test ceiling

or floor effects or other confounding influences.

VYhere parametric test assurptions are not met, non-parametric
tests such as the Mann-Whitney U or the Kolmogorov-Smirnov
test are appropriate but are less powerful than their para-
petric equivalents. Non-parametric tests must also be used’
where comparisons are made between posttest grade-equivalent
scores (assuming random assignzment). There 1s no neaningful

way in which grade-equivalent gains can be compared.
The cautions regarding the drawing of inferences froam

gain-score comparisons discussed in Step 16 should be

carefuily observed.
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i Step 21

Question Can data be obtaired which would enable approprizate tests
to be made?

Yes Obtsin data, compute appropriate
statistics, and proceed to Step 22

Xo Reject posttes: and/or gain score
cozparisons as adeguate evidence of
project success

Comment Where inappropriate statistical approaches have been
adopted, there is no choice but to seek out the information
needed to conduct appropriate tests. If raw or (preferably)
sfandard scorz summary statistics (means and standard devia-
tions) are available, t-tests could be done. In ikany cases,
unfortunately, all calculations will have been done in-
appropriately (e.g., by using grade-equivalent scores) and

. it will be necessary to go back to individual test scores
if meaningful analy;éé‘éié to be done. If this procedure
is followed, raw or gtadé—equivalent scores should be con-
verted to their s:andafq-score equivalents before any
arithoetic operations are performed on them. Appropriate
tests are discussed in Steps 17 and 20.
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L
( Step 22
1
Question Do analysis results favor rhe treatment group at the pre-

selected level of statistical significance?

Yes Review 2ll evidence cozpiled during the
validation process and use judgment to
decide vhether the statistical test re-
sults can reascnably be attributed to
project effects

No Reject evidence as being inadequate to
validate project success

Comment Given a statistically significant result, the attribution
of cause is still at issue. The final step in relating
an observed effect to the treatment requires careful con~
siderstion of each of the extraneous effects identified
in proceeding through the decision tree and estimation of
their contribution, in aggregate, to tne apparent impact
' of the treatment. It is, finally, left to the judgzent
of the evaluator to assess the magnitudes of these effects,
weigh their influence in the evaluation results, and con~

clude whether or not the treatpent was effective.
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V. ADDITICNAL CONSICERATIONS

The decision tree preseated in the oreceding section of this
report should enable reasonably uneguivocal conclusions o be reached
ega'diag the existeace or nonexistence of some treatment impact.
Difficult 2s that decision-making process may te, even more difficulr
questions arise in assessing the prastical vaiuve of the observed
fmpact. Relevaat questicns incinde, “What ic the educationzl sigai-
ficance of a third-of-a-standard-deviation {or 2ny other size) gain
on a standardized reading achievement test?”, "Khat is the significance
of a five-point gain in reading comprehension as opposed o 2 comparable
gain in vocabulary?”, and "ys a moderate-cost -treatment vhich produces
moderate fains more educationally significant than a costly treatwent
which produces larger gains?” '

Consideration of these and related questioas quickly drings to
1light the diificul:y of making even gross-level decisions in the 3b-
sence of a metric for quantifying educational significance. And many
weuld argue that scores on stacdardized achievemeant tests in mo way
satisfy the requirements for such a petric. Unfertunately, the lack of
a presumably adequate metric for educational significance does not
relieve decision-makers of their responsibility to choose amoag and
act upon the alternatives available to them. Neither does the 122%
of an adequate zetric ioply that all measuresent is infeasible or that
decisicns must be rade without useful guidance from cducational research.
Standardized test scores <o constitute peanicgful indices and, if

appropriately interpreted, go a loag way toward achieving their ultimate

objective.

Basic to the entire quantification issue is the sonetimes overlooked
fact that educational significance is 2n inherently subjective concept.
t“hile scales may te coastructed from the coasensus of experts, it oust

be acknowledged that they will be culture-bound and situatfon-specific.
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Fertheraore, there wili be educarors of substartial stature who wili J

Qisagree with 2ny set of consensus-based priorities and relatioaships. ‘
A sirple 11lustration can be draun from standardfzed reading i

achievemest tests where it fs common practice o provide separate 1‘

scales for vocabulary, comprebension, and occzsicnally cther component _}

skiils. Cleariy these subtests could be weighted 20d coxbdined fn a

nurber of differeat vays o yield a “Totral Reading™ score. Some ’

educators might argue that vocabulary and comprehension are equally

imporzant aspects of reading while otkers might claim that comprehen—

sion wes twice—or five times——or even ten times as important as vocabu-

ldary. 1t is clear that this issue czonot be adequatelz resolved threcugh

expirical research and can only be dealt with by “mzjority rule™ or some

similar, equally vnsatisfactory expedient.

Despite the fervor with which this issue may be debated, the
method of combining vocabulary and corprehension subtest scores to
obtain a total reading score appears, upon closer examination, to te
little more chan a pseudo-problem. The two subtests are so highly
intercorrelated (typically, r = .80) that even very different weighting
systens have almost no impact on the ordering of total scores. In other
words, students will fail into very nearly che same order whether comp-
rehension scores are given ten times the weight of wvocabulary scores or
the two scales are equally weighted. Although the empirical evidezce
may be less cozplete, £t appears that many widely debated issues in
educational evaluation tcday can be deflated with the same sort of
dexonstration. Clearly, the argument that standardized achievement
tests ought not to Le used for assessing cognitive growth can be quickly
invalidated if the correlations betyeen test scores and other measures
purported to reflect component skills more adequately are showm to be
high.

The conclusion, then, must be that sta;zdardized tests, witl: all .
their deficiencies, do provide a useful etric for assessing the basic
skills of reading and math. Standard scores on such tests, although
not coaprising ratio scales, do provide a means of quantifying gains,
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of relatiang observed g2irs to gain expectations in 2 reasonabie mamser,
223 of measuring rhe impact of special Instructienal proiects on cogaitive
growth. At the same tinme, 1t is clear thzt they Lo nor provide a2
complete 2asver to the kinls of questions rafsed in the first para-

gr2ph of this sesgion. The difficuity Ia coning to grips with these
qrestioas 1ies oor In deternminiag zbhe size of the galins but i3 derer-
ziniag tkefr zalue.

The value Issve uas allnZed 2o sbove &n discussing the relative
value of gains in vocabulary as opposed 1o comprekensicon. In this
sitvation, ar leasz, the issue was shown to be a psevdo-problen and
it was implied that many sixflar issues nfght be of far greater thearet-
ival thas practical cencern. The abswulule value of achieremest gains
may also pale ianto relative insignificance when exazmized in the context
of real-world contingencies. An achievements gaia of "X" standard-szore
points is likely :o‘be worth exzetly the amount of money 2 school
district is adle or willing to spend to obtain ft~-and this, in tura,
wiil depend on the needs of the children in the district and perceptions
of the relatfive priorities existing among them. 1f needs can be ade-
quately de{fned, relative comparisons among the alternatives avaflable
to fit thex are sufficieat. Absslute scales of educatiopal significance
may be required for the typical kind of cost-benefit studies seen in
the harder science and englneering areas. but educational issues need

not be defined in that =anner.

in their search for effective compensatory education projects to
package, the authors decided they would consider any treatment vhich
produced one-third of a standard deviation gain with respect to the
national norm. Above that point, choices would be based on judgmeats
reflecting the size of gains, costs, replicability, availabilicy, target
group served, varferv of approach, etc. Thefr original guess that the
choices would be refarively easy to make and unequivocal was substantiated.
While this exarple may be arypical, it seems that the alternatives avail-
able to fill a specific need will rarely te so nunerous 2s to preclude
scund decisfon-makipg %y qualified, well-inforped, and thoughtfrl judges.
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APPEXDIX A

PROSECT STLECTION CRITERIA WORKSHEET I

SI2RY PAGE
PROJECT TITLE
tate Initials
DESCRIPTION
¥
Approach

Puil-ocut vs. Whole class

PREATQGUISITES
O provides instruction in reading aadfor math
O Serves children in grades X-12

O sexves educationally disadvantaged children

0 Has achievenment test data for more than one
instance™

- a——

.

FINAL ASSESSMENT
0O Accepted
‘ | O Rejected
Reason for rejection
O Prerequisites not met
0 iInadequate evideace of effectiveness

0 £xcessive cozts

3 Kot available

O ot replicabie
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PROJECT STLECTION CRITERIA WORESHEET 11
PRELIMINARY SCREENIRG CRITIRIA

AVATLASILITY

Accessidilicy:

[ can ve visitea for validatson

D Personnel are cooperative

D ?rocedufés. Tesults, and costs are cocumented
n\cccp:az;ility:

[3 operational a public schools

D Mot primarily a single commercial product

COST

D Zquipoent plus special personnel less than §__ per pupiil
D Inftial investoent less than $_____ per pupil o
D {Alteraatively) Per-pupil cost over a2 three year operational

period including start-up costs should not exceed §___. per year

REPLICABILITY

D All major components can clearly be duplicated. Components
include: caterfizls, hardware, personnel, and enviroazents.

EFFECTIVENESS

D Achievenent test data show consistently that actual post—
treatowent performance exceeds the no-treatment expectation
by an anouat which is staticticdlly significant and equal
to at least . __ stardard deviatfon with respect to
the national noro.




PROJECT SELECTION CRITERIA WORKSEEET 11l
ANATYSIS OF PROJECT EVALUATION

Complete a separate sheer for each validating site or cocbination of
sites for vhich sepzrate data are reported.

PROJECT TITLE

Tryout Group

i. Tryout Summary

A. Treatment group descripticn

2. CradesfAges

3. SES/Ethnic

- 4. Pre-project achievement level

S. Schools/Classrocms

|
|
|
|
J
|
1. XNumber

6. Selection procedure

7. Treatment period dates

Hours per week

8. Comparison group description (if sa2me as experimental group
write "'sace")

i. XNucber

2. Crades/Ages

3. SES/Etbnic

4. Pre-project achievement level

5. Schools/Classroors

6. Selection procedure

7. Treatczent period dates

Hours per week
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PROJECT SZLECTICN CRITERIA WCRKSHEET 111 (Continued)
ANALYSIS CF PRGIECT EVALUATION

Evaluation Model Erxployed
D Norm-refereanced
D Centroi group
D fegression

DOr.her (sz:ecify)
Confounding Influences (comment on itexs checked)

D Inadequate tests

D Ceiling/Floor effects

D Pretest effect -

3

Dcroup aerbership effect

DStudent turnover effect

D Inappropriate testing times

D Inappropriate comparison group

DParticipant selection via pretest

Evaluation Outcomes

A. Evidence of Statistical Significance

B. Size of Gain with Respect to the National Norm
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A?PENDIX B

Norm-referenced versus Criterion-referenced Tests

¥hile use of criterion-referenced tests has been advocated for at
least ten years {Clacer & Xlaus, 1962), educational projects are still
evaluated predominantly in terms of cormercial, norm-raferenced tests.
The reluctance of educators to abandon faniliar testing paradigms is
understandable in wiew of the continuing confusion over the exact dis-
tinction between the conventional norm-referenced test and the new cri-
terion-referenced instruments. This confusioa 1s clearly evident in
recent articles by Airasian and Madaus (1972), Jacksoa (1971}, and
Pophan and Husek (1971), and in a3 review by Davis (1973) of eight 1972

AZRA papers on criterion-referenced testing.

The confusion appears to result from conceptualizing criterion-
referenced tests as an alternmative to noro-referenced tests. In fact,
norz- and criterion-referenced tests do not represent mutually exclusive
test categories nor do they represent the eads of a continuum. On the
contrary, the "norn" and "criterion" descriptors refer to completely
independent test characteristics, both of which should probably be
included in the description of 2ny test. The problem is further com- '
plicated by the fact that, although there are real differences between
tests that are labeled "norm-refe. aced” and those labeled "criterion-
referenced,” these labels do not capture the salient distinguishing

features.

The dominant characteristic of tests that are labeled "criterion-

referenced” is that their content is clearly defined in terms of scne

perforaance dimension of interest. This relationship permits direct

interpretation of iadividual scores in ways which have immediate prac-
tical implications (e.g., time required to run a mile, or proportion

of the 3090 most cowmon £nglish words that the individual can define).
The pisleading label apparently derives from the failure to distinguish
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betveen the dinension beingz measured and the scale adopted to measure
iz. ‘ This faflure is not surprising in the context of training program
development which first popularized "criterion-referenced” testing.
For exzmple, Claser and Xlaus (1962) wrote:
Two kinds of criterion standards are availzble for evaluating
individual proficiency. First, a standard caa be established
which reflects the minimun level of performance which permits
operation of the system...._At the other extreme, proficiency
can be defined in terms of maximum system output. The stan-
dard of measurement is then expressed as a function of the
capabilities of other cosponents in the system. The man loading
a Kavy gun, for example, never needs to load more rapidly than

he receives shells from the magazine below decks. In this case,
a fairiy absolute standard of proficiency is available. [p. 424}

In this and similar situations, it has become popular to say that
a performance criterion has been established and the test used in
peasuring performance need only tell us vhether or not the criterion is
reached. It nignt be wore inforzative to say that the test aeasures a
performance dimension (speed of loading), that system requirements dic-
tate a specific’ cutoff score, and that in the interest of economy it
would be adequate to dichotonize the speed of loading scale about this
cutoff. Everyone below the cutoff would get a score of "too slow.”

Everyone above the cutoff would get a score of "fast enough.”

The term "norm-referenced” has rivaled ‘'criterion-referenced” in
terns of confusion generated. Any test becomes a noro-referenced test
as soon as a norm group of one or more entities is deiined and scores
of those entities are obtained. Of course, if the norm reference is to
be of any uce there are many properties that the test and the norm group
ust have. The required properties depend entirely on the in:gnded uge
of the test, but one typically desires relevance and proper sampling for
norn groups, while tests should provide reliable and efficieat quantifi-

cation.

The relative independence of norm referencing and performance
referencing can be illustrated by an instrument used to select students

for pilot training. Successful tests for this purpose can and have been
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developed using vhat cre usuzlly referred to as conventional norn-
referenced test development procedures. It should be clear from the
above discussion, howevar, that norm reference is not the salient
characteristic of such tests. While validation groups aust be used
to develop a2nd scale the tests, tbe.ulti:ate criterion is flying
success, and 1is not dependent on standipgs in relation to any nora
group. Once 3 reliable test has been developed which correlates
highly with a seasure of pilot success, a single cutoff score, or
criterion, could be determined, and applicants could be scored either

pass or fail. )

At the same tine, neither the procedures for developing the test
por the final appearance of the test would classify it as "criterfon-
referenced.” That s, it fs unlikely that the population of pilot skills
would be sampled at all. Of course, one cculd say that the final in-
struoent defined something called "pilot aptitude” but it is doubtful
whether the concept cculd be identified from the test items or that
one would feel enlightened to know that a person who scores “X" or
wore points on this aptitude could be tzught to fly. An "aptitude”
as peasured by correlated items is sircply not what we usually oDean by
a performance dimensfion. In short, this most familiar type of test is
neither particularly “norm-referenced" nor particularly "criterion-

referenced."

It shouild be noted that the concepts discussed above are not new
and have been recognized by various authors (e.g., Glaser & Nitko, 1971;
Davis, 1972). Even these authors, however, preserve the norm/criterion-
reference categories. Regardless of the terminology which is ultimately
adopted, it must be recognized that new and useful peasurement tech-
niques have been introduced in the process of attempting to define and
develop criterion-referenced tests. It éhould be emphasized that it is
the categorization that is aproductive, and not necessarily the tech-

niques which have been developed.
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Ioplications for Proiect Evaluation

In coatrast to the pilot-trainee selection test which was neither
norz- nor “performance”-referenced, the commercial reading and math
achievepent tests used in project evaluation are both norm referenced
and performance rcferenced. The norm group properties need little
coznent except to point out that norm groups are typically presented
as natfonally representative (although some are clearly more representa-
tive rthan others) and may not be suitable for assessing the gains of

o
particular subgroups. T

The perforcance dimension that is defined by standardized tests is
somevhat arbitrary, and i;,éﬁy'well be argued that substantial improve-
oent is needed here. ,Rdiﬁscores are seldon reported in a meaningful
way and items argﬂj?;bably chosen on the basis of discrimination rather
than as a sa:pié of a carefully defined pzrformance domain. The prob-
lens are alugs: certainly worse in testing reading than in testing =math,
buf they reflect the basic difficulty in defining what is meant by

reading skill and neasur ing it.

tWhile cozmmercial standardized tests are clearly not optimal in-
struments for research purposes, there is little empirical evidence to
suggest that tests developed according to criterion-referenced proce-
dures provide better measures of project effectiveness in basic skill
areas. While, in theory, criterion-referenced instruments which are
focused on the specific objectives of s particular instructional treat-
ment ougnt to be more sensitive to achievement gains resulting from it
than the more general standardized tests, the latter clearly sacple
ieportané aspects of reading and math achievement and are relatively
efficient and reliable instruments. Clearly, criterjon-referenced
or other special-purpose tests are perfectly acceptable for use in
assessing the statistical significance of project impzct. If enough,
is known about their properties, it should also be possible to esticate
the educational significance of observed gains. One requirement, of
course, is that both the statistical and educational significance of

66

58




R

ERIC

Aruitoxt provided by Eic:

pre-to-posttest gains must be assessed against the gains which would be
expected under no-treatment conditions. In the absence of normative
data, the estization of no-treatment posttest status clearly necessitates

the use of a cozpzrison group evaluarion model.
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APPENDIX C

- Estinsation of Treatment Effects from the Performance
of Non-cozparable Control Groups

Where treatzent and control groups are signiffcantly different frem
one another, it is gererally not possible to assess the impact of an
educational i-tervenzion. In the case where 2 treatment group scores
lower on the pratest and higher oa the posttest than an otherwise com—
parable control group, it is probably safe to conclude that the treatment
was effective but, even here, the magnitude of the treatment effect can-

not be accurztely estimated.

There are some evaluation desigas which employ a non-cozmparable
consrol group to generate an estimate of how the treatment group would
have performed on the posttest had they not participated in the treatoent.
The most widely appl'icable and plausible of zhese designs require that
an originél group be dichotozmized atout some pratest cutoff score so
that all pupils scoring on cne side of the cutoff score receive the
treataent while none of those scoring on the other side sre allowed to

’ participate. Two such designs are presented here along -with one design

which does not require such dichotomization. The designs are:

- A. The Regression-discontinuity Model
B. The Regression Projection-Model
€. The Generalized Multiple-regression Modex

A. The Regression-discontinuity Model

The model which appears most immunt to plausible alternative hypo-~

theses is the Regressios-discontinuity Model (Campbell & Stanley, 1963).

A comprehensive developzent of this model and related statistical tests

Y is available (Sween, 1971). The model requires that treatment and com
parison groups be developed from a single original group by assigning

211 nmeabers on one side of a pretest cutoff score to the treatment group
and all members on thz other side to the ccmparison group. Separate

60

ERIC - 63

Aruitoxt provided by Eic:



o

pretest—posttest regression limes are then cozputed for each grovp ané
the difference between the lines is tested at the point where they ister-

sect the pretest curoff value.

The model is rigorous in the sense that, if the procedures are fol-
%oued correctly, rejec'.:ion of the null hypothests for any reasca other
than 2 treatment effect is extreaely implavsible. There are two con-
sfderations, hovever, which severely restrict the zpplicebility of the
oodel. First, it s difficult £n 3 school environment to enforce 2ssign-
Dent to treatmect groups solely on the basis of test scores, or even cn
the basis of scores rs=fiecting toth test performance and a numerical
teacher rating. Second, the model is not sensitive to changes in re-
gression line slopzs unless these changes are accompanied by a discon-
tinuity of th: regression lines. This requirement represents 2 poteatial
problen since compensztory education projects are often individualized
on the basis of studeat peed. Such individualizatica could preduce the
greate: 1 improvenment in those students farthest below the pretest cutoff
score thereby flattening the treatcent-group regression linme without
producing®a discontinuity at the cutoff point. At least cne cczpeasatory
reading project known to the authors appears to produce this kind of

effect.

In short, regressicn-discontinuity analysis is recommended for all
cases in vhich the conditions for its implementatfon are met and a posi-
tive result can pe anticipated. It seems unlikely, however, that such

cases will occur frequently.

B. Tu2 Regression Projection Model

The Regression Projection Hodel uses a regression line calct;hted
from the cozparison-group pretest-posttest distribution to estimate vhat
the treatment-group posttest scores would have been under 2 "no treatment"
condition. Like tne Regression-discontinuity Model, it also requires
dichotorization cf a total group into treatment and comparison subgroups
about a particular pretest cutoff score. 7he advantage of this nodei
is its sensitivity to treatme;!i-produced changés in regression line
slopes. Its primary weakness is it. inability to distinguish treatment
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efifects froa 2tter factors vhich may affect the regression 1lise. ]
|

Tae »odel is znalogous to the technique of Karl Pearson for esti-
mating total-group test validity when criterion measures are avafiabie
only for those who score above some selected cutoff point. It is zpplic-
able vhere selectioa (pretest) scores are availzble for an entire group,
but where there Is po indication of how the subgroup below the cutoff
score would have doze on the posttest had they been treated in the sams

manzer a5 the group above thz cetoff.

The basic assumption of the model is that uader no-treatmeat con-
ditioas the regression of postiest scores on pretest scores for the total
group would be homogeneous and iinear throughout the entire score range.
The regression lire for the comparison group is taken as the estimate
of this total group regression line, and Is projected through the treat-
ment-group distribution {See Figure 2). This projected regression line

is thea used 0 calculate the estimazed no-treatment posttest score.

The scdel should be applied with cauticn since the basic assumption
of homogeaeous, linear regressfon may not be tenzble. For exarple, in
cozpensatory projects, factors which lower the pretest-posttest correla-
tion for low-scoring students =ay invalidate the model coxpletely. Flocr
effects on the pretest and other factors leading to lcw pretest reliability
at the lo'..er “end of the range are particularly troublesome. At a2 minimum,
3 good argument that such factors are not acting is required. A scatter
diagram permitting inspecticn of the pretest-posttest distribution for
irregularities is essential.

Horst (1966), Chapter 26, provides 2 discussion of the underlying
" statistical issues andpresents forrulas for gzenerating unbfased estimstes )
of the mean, standard deviation, and pretest-posttest correlstion for
the total group. The eszircated regressfon equation for the total group
° is identical to the regression equarion for the restricted (comparison)
grovp. Thus, one need.s oaly to calculate the regression equatiqn for
the cozparison group and use it to obtain cstizated treatoc .i-group post-

test scores. This equaticn can be written:
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A

Y: = bcxt * kc
vhere bc is the slope of the comparison—groud regressioa line 2a3 kc is
its Y-axis interceps.
if tbhe mean pretest score of the trearmeat group is substituted
for !z §= the above eguatios, ’;’: will be the estimzted me2a posstest
score (‘!t). The differeace detween the actual 2nd estimated posttest

scores ¢2a then be tested using

25 - F y2qm -
?tﬁt Yt)(ﬁ 3)

a3 7 2324332 53 2 T -5
a - 2 5 - - Z 32
b sy Sy Zbcbsx + Pt?c(Yt 'x‘t)
vhoare ?: = preoportion of pupils in the treatment group
?c = proportion of pupils in the compzarison group
- X = nuvbher of pupils in the comdined group
‘512 = weighted pean of tix treztment~ 2nd comparison-group
posttest wvariances
Exz = weighted mesn of ibe treaipent- and compariscn-group
pretess varisnces
bc = slope of the comparisoa-group regressior iipe
b = weighted zean of the slopes of the crestmeat- and

coxparison-greup regrezsisn lines

The derivation of this test Is oot avaiizble in ghe lSterature a2ad is
skc:-ched in its entirety below. Rezders not interested in this derivation
should skip to the discussion of the Generalized Multiple-regression 1

Model which begins on page 71.

/ Significance Test for the Regression Projection Model!

Consider first the general situation in which a regression iine is

fit to a pretest-posttest score distribution, providing an estirsted

1. We are grateful to Paul Borst for the rationale 2znd developuent of
this test. However, the authors are responsible for the preseatation
given here and-for any errors it may contain.

-
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oostzest score (¥) for each Pratest score (3). The equation for the

Tegression line may be written
IT=bX+%

where b = slope of the regression lize
k = Y-intercept of the regressica line

Then, for each studeat, we c2a cdefine a vaiue
D=7 -3

which is the difference between his actual postitest score 2ad his esti-
mated posttest score or, in other words, the distance zhit kis Actual

posstest score is above or below the regressfion lice.

Next, consider the Regression Projectinn Model ia wvhich a regression
iine is fit to the comparisoa—frcoup data and then projected through the

treatment—group data {Figure 2). A dfstance D. from this regression
1ine can be coexputed for each compariscn-group student. A distance Dt
from the sane comparison-group regression line can be computed for each

treatoeat-group Student. Because the regres'sion 1ine was fit to the
comparison-group data, the mean of the comparison—group D values (Sc)
will be zero. Eowever, the mean of the treatment-group D walues (Dt)
will not be zero unless the mean of the treatment—-group posttest scoies

falls exactly on the projected regression line, that is unless ?t = it‘

The null hypothesis which is tested in the Regression Projection
¥odel fncludes three major conditions: (a) students are assigsed to
treatment 2ad comparison conditions solely on the basis of their pretest
(either single or cocposite) sceres, {b) posttes: on pretest regression
is linear throughout the range of pretest scores, and (c) there is no
treatoent effect. If it can be assuoed that the first two conditions
are met, and if there is no treatment effect, the regression lines of
thz treatment group, the cozparison group, and the total group should
all approximately coincide. Deviations of treatment-group posttest
scores froo the projected cozparfson-group regression line would have an

expected mean value of zero under these conditfons so that a sizeable




departure from this expectation may indicate 2 significant treatment
effect. In an exrerizental situatfon, we can test vhether the c'bsen'ed
mean deviatioa (D) i1s larger thaa would be expected under the conditions
of the nvll hyporhesis by computing -

-—
.

e = w .
D
C2 page 6%, t is expressed as a function of treatmeant- and compsrison group

statistics. The egquation fs derived as follows:

- =[5 2 Y
SD Sa lde - (2[

Substituting {2) fate (1) ve may write (1) as

D2(ds_ 2
2 « —2— 3)

2
*p

First ve recall that

We can thea develop the aumerator and ceacminator cf (3) sepazately:

Huaerator

The combined mean of the D values caan be expressed in teras of the
me2n D values for the two groups {with recspect to the compzrison-group
regression line) and the propertions of cases in each group:

D = pD +25 = %)

But since the regression lipe was fit to the comparicon-group data,

D_ = e, (s)

Substituting (5) into (4):
D = PD. 6)

Azd since the mean of the D valuzs 1s equai to the difference between
the means of the observed posttest distribution and the estimated post-

test distribution, we can rewrite {6) as:

D = Pz('it - Yt). )
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The remalning factor in the numerator of (3) 1s df_, the xumber of degrees
of frezdor. for the standard deviation of D. Usuaily dfn is takea to be

N-1 vhere N is the aonber of paires of observations. However, two additional
restrictions hold in this oodel. First, the comparison-group D walues

Dust sen to zero $ad secend, the mean of the estinazed posiTest scores

for the treatmest group is determized 3y the cozparison growup data.
Taerefore -

de = R-3. (8)

3y combining (7) and (8), the numerator of {3) can £inally be writzen
Dz(dfo)z {?c(“': - ":’f * - 3). 9

Denozinator
It is well kaown that the variance of a3 difference between paired
peasures is equal to the sum of the variances of the two measures ninus

2 correction for ihe correlation between them. In the case of D values

froz the Regression Projectior Hodel,

2 = -2 2 - -
Sp syt sy? - IrgySisy o 10
where
ri-.,‘. = the eorrelation between actual and estimated posttest scores

Sy = the standard deviation of the actual posttest scores
Sg = the standard cdeviation of -fhe estimated vposttest scores.
Since, by dcfinition,

T = bcx + kc (11)

{t can be readily shown that

5% s bcsx . (12)
and .
Toy = Tyy (13)

where Txy i< the pretest-posttest correlation for the combined group.

67




Therefore, substizuting (12) 20d (13) in (10)
2 - 2 2 -
sp = B SPT * syt - b TySSy as

This form of the decominator could be used for cormputing £. However,

since the treatnent and comparison groups are sormally analyzed separately,
it is desfirable to derive Sy 2s 3 function of the separate group statistics.
Se begin by noting that the covariance Petwveen X and Y (ng) is defined by

F» 44 X IY
By T oSSy T R TR om (15)

But in the Regression Projecrion ¥odel

EXY #IXx Y
Tt cc

Xy
N N {16}
T Ex_ F ZY
X t c
w 5 an
~ Iy + &Y
P ¢ t c
N R s (18)
and
X Y X Y
tt ? £t
N t—5 (19)
r
ZXCYC P IXCYC
W= ¢ N (20)

where Pt and Pc are the proportions of treatment and compariscn students,

- respectively. Simflarly

* P t _ =
N tw < PX (21
. t
£X
o Po—£ . opx (22)
-_ N cec -
N c
Y £ ~
v t W, Pth (23)
76
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Substituting (19) through (24) in (16) through (18) and then the resulting
egquations in (15) we have

I? IIth ° ZICYC _ _ _ _ 3

= - ——— - +

By ' t X + “c ) ] [ (®.x, 2%) {Pth + PcYc);
(25)

Yiext, we subtract the expression (Ptit?t + ?cicic) from the first brackets

in (25) and add it to the second to get

[ Ixth _ - IXCYC - - ]
- + -
gXY i,t( Nt xthJ Pc( Nc xcyc) j (26)
2 v TV 4
" - - - _p2
{(y P )xtyt PRXY -PPXY + (¢ -pP2)X¥ }
Buc we define
thYt _
= -XY (27)
3th N, t'e
XY,
h gXY = N - chc » (28)
. c c
Also we have
- 2 = - y =
(Pt ?t ) Pt(l ?t) Ptpc (29)
and sinmilarly
-p 2y =
(Pc Pc ) PcPt (30)

Using (27) and (28) in the first brackets of (26), and (29) and (30) in

the second we have

= Pth(Y:' chx'x'c * Ptpc(xt - xc) (@, - Y ) (31

8-“ C

P

69

. 77

Aruitoxt provided by Eic:




L4

Let .
EXY = ?tgx_!, + P gx.! (32)
T [
4 = (T:t - ic) (33) .
dY x (Y: - ?c) (3%)

Subtituting (32), (33), and (34) iaro (31)
By = By * PPy (35)
1€ Y = X, we have frem (35)
2 .32 2
Sy Sy + PtPcdx (36)

Sinmilarly, 1f X = ¥

2 »

2 =52 2
SY s_x, + PtPch (37)
Substituting (35), (36), and (37) into (14)

2 = 2ic 2 D 2 2 2] o °
Sp bc {sx + Pt'cdx ] + (SY + Pt?ch ] Zbc[gXY + Pt?cdxgy)

(33)

. 5 .
Rearranging terms

sp2 = bc2§x2 +5,2 - 2> g + PP (4 - bd)? (39)
Finally, it can be readil: shown that

(d,{ - bcdx) = (Yt - Yt) {40)
and that

By = 05,7 . © o (41)
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Substizuring (41) and (42) in (40)

2.p5252332- 2 552 7 -F)2
sp? = b 550 + 5, 2b bs,® + PtPc(Yt 'c) £2)
wnich is the form of the denominator in the equaticn for t on page 645.

C. The Generalized Multiple-regression Yodel .

Where neither of the above models is indicated, it may be possible
zo apply 2 multiple regression model to the data previded the evaluator
can generate a useful null hypothesis. dowever, considerable caution
and a thorough grasp of the technical fssues involved should be considered
prerequisites for any such effort. In particular, the videspread error
of using regression models to statistically equate fundamentally dissimilar
groups must be avoided. Cacpbell and Erlebacher {1970) have shown that,
in terms of familiar “true score plus error score’ models, conventisnal
regression sodels systematically underadjust for the initial differences
between such groups. Yore basically, it should be noted that the under-
1lying "true score plus error score" construct is purely hypotheticai and
there is little evidence to suggest tha: it provides a useful basis for
equating dissimilar groups. The behavior of one such greup simply dces

not tell us cuch z2bout the behavior of the other.

However, in special circumstances the Generalized Multiple-regression
Yodel may prove to be applicable. In the simplest case, the first step
in applying the model is to calculate a3 regression equation for the pre-
test-posttest distribution of the combined treatoent/comparison group.
The pretest score may be considered the “'predictor” variable while the
posttest score is the “criterion” variable. The variable of interest

is the “residual variance;” that is, the posttest score varidnce which

is not predicted by the pretest regression equation.

The second step is to add a "treatment” term as the second pre-
dictor in the regression equation and calculate the residusl variance
about the new regression line. In the simplest case, the treatment term

is a dichotomous variable which would be given a value of "1" for each

-
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student in the treatmeat group, asd “0" for each student in the comparison

group. There is, however, no reason why it could not be 2 continuous

variable reflecting, for exawple, the hours of treatment exposure.

The last step is to zest the significance of the difference between
the residuval varfance coxputed from the first prediction equation, and
the residuval variance predicted from the second equation. The addition
of the treatzent variable fn the second equation amounts to adding a
coastant to each treatzent group score. Graphically, the result fs to
generate two parallel regression lines passing through the ceans of the
treatoent and cozparison groups, respectively. The slope of these lipes is
the weighted mean of the independent regression lines for the two groups
and will, in general, differ fror the cocbined group regression lire slope.
The significance of the effect is deteroined by testing the difference

between the residual variances from rhe two prediction equations.
E

The model is a "multiple” regression model in the sense that any
nuzber of predictors can be fincorporated in the regression equation in
addition to pretest and treatment variables (e.g-, teacher ratings, SES,
etc.). The model is "general" in the sense that a variety of effects can
be examined singly, additively, and interactively. For example, by
including a “treatment group” tizmes “pretest scores” rerm it is possible
to test whether treatment and comparison regression line slopes are
significantly different. Finally, by including squared or other power

terms, the shape of the regression line can be rested.

It will probably be recognized that the simpie case described above
is the Analysis of Covariance Model, a familiar special case of the Gen-
eralized Multiple-regression Model. The Y-axis distance between the two
regression lines is the adjusted posttest difference. As indicated above,
this difference will be a biased estimate if the groups are repregentative
of distinct populations. A significant effect would provide a convincing
{negative) answer to the question "Were the two groups of posttest scores

drawn randomly from a single population?" However, such a conclusion

72
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is trivial 1€ iz were known in advance that the groups were fundamentally
different. Similarly, it is ioportant in 211 appiications of regression
sodels to state the aull hypothesis precisely, and to consider vhether
its rejection will be of any interest. %here there is any confusion
concerniag the assumptcions of the null hypothesis or the fmplications

of those assucptions, regression models cannot be recommended.

-
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- APPENDIX D

* Hazards Associated with the Use of Percentiles and

Grade-equivalieat Scores

An izportaat part of the development of comzercial achievement tests
is the collection of norrmative data from a large and usually nétionally
representative sacple of students. These normative data permitr the con-
versfon of raw test scores into various types of "derived" scores {e.g.,
percentiles, stanines, grade equivalents) which provide useful frames of
teference for inrerpretation. A percentile score, for example, provides

an index of an individual pupil’s status with respect to his age or grade-

level peers. A grade-equivalent score is intended to equate 2n individ-
uval's raw score with the national average level of performance at soze

grade level.

Since all of these derived scores are based on national averages,
it is essentiai that the sample of pupils tested be truly repfésentative
of the natfonal population. It is also c¢lear that the sample must be
large enough so that randon sampling errors are small and one can be con-
fident that the statistics cozputed from the sample are very close to
those vhich would have been obiained had the entire population been

! tested.

The importance of these sampling consideraticas is well known and
a2zply documented (e.g., Angoff, 1971). " Unfortunately, even if good norm-
ative d2ta are collected by 2 test publisher there is no guarantee that
the data will not be misused, misinterpreted, or both. In fact, the
conventions adopted by test publishers in manipulating and reporting
their normative £ata seem likely to enhance the probability of making
various types of errors. It is these errors vhich are addressed here

rather tha: the sampling considerations referred to above.
3

Th gFormative data for many widely use& cormercial tests are col-
}gctoéﬁuuring one short interval of the school year, usually z2ither fall
'(e.g., Iowa Tests of Basic Skills, 1968 ed.), mid-year (e.g., California

ichievement Test, 1970 ed.), or spring (e.g., SRA Achievement Series,

00
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1971 ed.). while a few tests have empirical normative data points both

. £ali ard spriag (e.3., cate:-}'.acéizitie Reading Tests, 1964 ed.; Stanford
Achfevenent Tests, 1973 ed.), it is a common practice to geserate derived
#ores through fInterpolation and extrapolaticc processes for times vhere

oo expirical dara were collected.

~ If a test publisher were to collect norzetive data from nationaily
representative sazples of chi ld:en at ali grade levels in the se':enth
month of the school year, it would be possible to construct tadles for
the seventh month of each grade level which eazbled raw scores to be con-
verted to their percentile equivalents. The raw score at the medfzn of
each grade-level distrikrution could 2iso be a2ppropriately converted to a
grade-equivalent score. The medfan rav score of the first graders would
thus correspond ro 2 grade equivalent of 1.7, the mediarn score of the ’
second graders would correspond to T grade equivalent of 2.7, aad so on.
Both the percentiles and the grade-equivaleat scores determined in this

manner could be called ermpirical derived scores.

Clearly, if chiidren are tested at the same time in the school year
as the normativy data vere coll«?:ted, it is possivle to determine their .
percentile status with respect to the nationzl scwmple. 'However; wvhen
cnildren are tested at times which deviate fror the erxpirical normative
data points it is no longer possible to interpret petce;itile cenversicns
ameaningfully. It cannot be deterzined, fox; exazple, whether a child in
the second month of second grade who scores at the fortieth percentile
of cnildren in thz seventh month of second grade is abcve or below aver-
age with respect o his grade-level peers. Similarly, it is not pcssible
to deternire 2 grade equivalent for an,' raw score which does not corres-,
- pond to the ezpifically detersmincd median for grades 1.7, 2.7, ectc. --

- except by resorting to interpolation.

It is a reﬁtively simple matter tc generate additional grade-~equiv-
alent scores and percentile distributions by interpalsting between empir-
ical data points or by extrapolating beyond then. The assucptions under-

lying such projected derived scores, unfortunztely, are tenuous at i:est

and nay be significantly in error. Bazfore discussing projected scores,
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however, it is useful to point out that even more serious errors can
result from the failure tc interpolate or extrapolate. The problem here )

is peculiar to percentile scores.

¥ost test publishers provide percertile norms for both the begiaz-
:ﬂzg 20d the end of the schoci year. M¥any a2lso provide mfd-year norms.
It is either inferred or made explicit that the fall norzs are "good™
for September, October, znd S;vembet; that che aafd-year norms are good
for Decesber, January, 2ad Tebruary; and that the spring norms should
“be used for resting dates in March, April, May, and possibly even June.
The tzbles shich present such norms enable one £0 coavert test scores
to percentiiles or, coaversely, to determine the test sco::e «hich vould,
presumably, be obtained by children at any perticular percentile posi-
tica with respect to their grade-level peers.

L

Figure 3 was constructed from the mors tabies provided by the
Iowa Tests of Basic Skills, form 5, ievel 12. Tbe solid 1ine in Figure
3 shows the number of items which the test publisher says will be an-
swered correctly by the mediaz sixth-grade child st various times dur-
ing the schoosl year. It ixplies that 211 cognitive growth which takes
Place during sixth grade occurs overnight on November 30th and Febru-
ary 28th. The hypothesis that growth occurs ia this manner is certainly
unterable.

A more believable expectation for the cognitive growth of average
sixth graders is shown by the broken curve which crosses the line rep-
resenting the test publisher’'s "fiftieth percentile child” at =id-
Octcber, aid-Januvary, and mid-April. If this line is zaken to be a
reasonable representation of the "real” median sixth grader, then com-
parison with the test publisher’s “hypothetical™ pedian sixth grader
will sbow the real child below average at the beginning of e;ch norming
period and above average at the end of each period. )

The amount of time-related distortion inherent in the norms is
shown in Figure 4 where raw scores at the beginning and end of each
nosmative periol were raken fromudhe br;ken line in Figure 3 and con-
verted to perceutiles using the test publiisher's tables. In assessing

76

-,

-




40 -

35 - ==
”’
-~
-~
—
-~
- -~
RAW 30 — ,/’
—

TEST -
SCORE — . PUBLISHER'S MIDIAN

25 - —— - — — —  "REAT" MEDIAN '

20

128 3V 4P 50 g 7T 3 T g T 451

SCHOCL YEAR MONTHS -

Figure 3. Cognitive growth shoun by the test publisher’s median versus a

more realistic expectation

the progress of an individual studeat or the effect of a special instruc-
tional treatment, it is readily apparent that one would get results froa

pretesting early in a normatfve period and posttesting late which would

differ dramatically from the results which would be obtained from the

cozbination of late pretesting and early posttesting.

Yhere per<entile norms are presented for zhe beginning, middle, and
end of each school year, it seems highly likely that they are "correct”
at some point in time withia each of the three-month, nozin2l norn inter- ,

vals. Those points in time, however, are unknown except in cases where

empirical data have been collected. Where norms have been generated
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Figure 4. Publisher’s percentiles corresponding to the ™real" median in
Fizure 3 at the beginning 2ad end of each normiag period

s through iInterpuiation and extrapolation, it is probably safe to assuze

A that the correct point is somewhere near the middle of the interv=l.
However, any particular point which is chosen may be su.‘.ficie:x,:ly in error
to distort the findings of an evaluation study.

The sace kind of problen exists with respect to grade-equivalent

scores. These scores are usually derived as follows: (a) median raw scoce

values are identified for each grade level at the month the test was

norced (e.g., 1.7, 2.7, 3.7, etc.) and equated to these grade equivalents,
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{3) the interval betweer medizns is divided Into ten egual patts, 2nd l
(c) the inrercediate grade-egquivalent scores 2re ecuated with the nearest 1
integral raw score value. The assumpr fon which underlies this procedure, i
of course, is thar the oumder of irems 2asvered correctly is a 1inear func- ‘]
ticn of time over the nine months of the school year 2ad that a thixd as

zuch gain is made during e2ch of -the three summer moaths. This is es-

sentfally ths same assumption which uaderlies projected percectile norxs.

A oumber of studies have been undertaken to investigate the validity
of the linear growth assumprion, with perhaps the greatest zoount of
atteatica focused on the summer period vhere it appears most questionable.
Findipgs have pot aluays been coasisteat with respect 2o the directica
of deviations between expirical and projected datz points, but it is quite
clear thar such deviations are the rule rather than the exception.
Krightstone, Eogan, and Abbott in a recent publication (undated) of the
Test Departzent, Harcourt 3race Jovanovich, Inc., concluded, ®interpoiated
points may be considered as reasonably good estimates of the actual norms
iine if empirically determined points kad been available for 3ll times
in the year. They are, however, almost certainly in error by some smpall

v . apount in mosz cases and by 3 substantial amount in some cases [p. 83."

Beggs and Hieronymus (1968) found different pa'ttems of gains and
losses with respect to the linear growth expectation cn different subtests
of the Iowa Tests of 2asic Skills. They observed consistent and sub-
stantfal sucmer losses in language and arithmetic areas but not in reading.
Other deviations were noted but they were not consistent from grade to
grade or even at different achievement levels within grade. They reported
sope evidence of accelerated growth from mid-January to nid-April im the

language, work-study, 2nd arithretic areas.

Housley (1973), using the Staaford Achievement Test (1964 ed.), found
that children showed neither gains nor losses from June of their third-
grade year to the following Septecber in either vocabulary or reading
comprehension. Thormas (1975) reported similar findings froz 2 study con-
ducted ia the San Jose, California school district, but Heyns (1975) re-
ported reading achievezent losses over the summer for blacks and low SES
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students.

Some of the most intesesting data =2n be frund ia the techmical
macoals of the test publishers —- particularly adere rests Lave been
norzed twice during the school year and where Borh percentiles 2ad grade-
cguivalent scores are presented. The iss;:e of anterest in these in-

stances is t2ar zhe fifrieth percentale ohild s not alwavs at grade

level? On the Metropolitan Achievement Tests {1970 £4.), for example,
the median third grader is two manths below grade level in reading a: the
nd of the school year. Similarly, rhe median fourth grader is 1wo

rmths 3head of grade level in math at the exd of the schnol year.

Tzese dn.m3liv: result from 3 cundbination of twe factors: (a) the
ronvent ions exploved by test pudblishers in developing derived scores
and (b) the fact that cognitive srowth is not a linear functivs of rime.
It is standard practice, for exarp¥e, 20 provice a single table con-
veri ing row scures to grade equivalents {ur each level of a test. To
de so, of course, requires that the medizn child schieve 3 higher raw
Scofe At each suCoessive point in time. A loss of raw score points over
the summer would produce the Interesting situation ukere 3 single score
would correspond to chree different grade equivalents. Figure 5 illus-

.

trates precisely this phenoenon.

The data plotted in Figure 5 are taken from the Norms Zocklets,
?.o_rg 3, of the Stanford Achievement Test (Harcourt Brace Jovanovich,
Inc., 1973). The data points cennected by the solid lines represent
the scaled scores in Mathematics Computation of the median child at
grade levels 3.1, 3.8, 4.1, 4.8, 5.1, and 5.8 (raw scores had to be con-
verted to scaled scores since the data were drawvn from three l'evcls of
the test). The pnints connected by the broken line are scaled scores

achieved by children seoring at grade level at the sace points in tize.

iIf the solid 1ine in Figure 5 were used to convert scaled srzores
to grade equivalents, it can be seen that a score of 146 would convert
to both 3.7 and 4.1. A scaled score of 147 would correspond to three

different grade equivalents.
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Figure 5. Cooparison of the median score with the grade norm line

To avoid the confuslon thit night resuvlt from using a ggade norms
1ine such as the solid line in Figure 5, test publishers have zdopted

x

the convention of constructing a smoothed line to convert raw or scaled
scores to grade equivalents. Such a sboothed line, of course, gives the
mistaken Impression that learning is a more orderly phenomenon than it
really is and introduces distortions of sufficient ragnitude to obscure
vhatever effects zight result from any educational ismtervention. From
the data reflected in Figure 5, for exasple, it can be shown that the
third grader who scored exactly at the national average on both ‘pretest

and posttest would achieve grade-equivalen: scores of 3.1 and 4.3 re-
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spectively and would appear ro have made 2 twelve-zmonth gain ia the

seven-oonth period between the testings.

The exaomple preseated in Figure S is extrexe, and other examples
could be presented where the empirical data points correspend precisely
with the projected points. Exacples could also be presented shere the
distertion resalting frocyjntezpolation or extrapolation is in the op-
posite directicn f£rom that fa the given example.

It shculd be clear from the above that. projected grade-eguivalent
scores (and projected percentfles vhich reflect the szme types of dis-
tortion) may deviate substaatialiy from what they seem to be. Such
sceres will often not represent the median level of performance of

childrea at the correspending grade level. Furthermore, it can be

"shown that errors 2s large as several months are not uncommon.

Despité these prodblems, if ft cculd be demonstrated that the errors
in grade-equivalent scores were random with respect to the amount and
direction of the distorticn introduced, then it might stiil be possible
to draw valid inferences regarding the effectiveness of educational
prograns under certain circunmstances. ¥%here such prograns had been
evaluated using several different test instrumects at several differeat
grade levels, for exacple, it might be safe to assume that the errors )
cancelled each other out and that mean grade-equivalent gains calculated

across all pupils wou:d be unbiased.

~ It is not possiile, at the present tize, to determine shether or nct
use of grace-equivalent scores to evaluate educzticnal programs intro-
duces systematic bias. To do =0 would require a demonstration that the
gains made by median children tt*e national norm) were consistently
non-linear over l.e ten-month school year. If the average gains per
zbnth were greater during that portion of the school vear between
fall acd spring than between spring and fall. fall-to-spring grade-
equivalent gains would dc systematically inflated. Similarly, they
would be systematically too low 1f the opposite pattern of gains pre-

vailed.

The evidence cited above which found losses over the sumzer or gaing
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which were less thaa would be predicted under the linear grovth assump-
tion tend to suppoﬁ the hypothesis that grade-equivalent gains will be
spurfcusly high from a fall pretest to a spring posttest. The findings,
hovever, were not consisteant with the possibdle exceptions of language

and arithzetic. Certainly the research literature is not definitive cn

this issue with respect to reading.

Again, the normative data contaized in the manuals accozpanying
tests with both fall and spring standardizations are relevant. They
too, however, Teveal an faccnsisteat patters. The fiftfieth percentile
Total Reading score on the Metropolitan Achievezent Tests (1570 ed.)
is at grade level at the beginning of each grade and typically sczevhat
below grade level at the end of each grade. This pattern would result
in grade-equivalent gain measures vhich systematically underestimated

real cognitive grouwth.

Reading Comprehension szores on the Stanford Achievement Tests,
Fform & (1973 ed.), show zxactly the opposite pattern. At every grade frox
first through eighth, the median fall score is belcw the grade nora line
(grade level) and the median spring score is above it. Comsequently, all
fall-to-spring, grade-equivalent gains will be spuricusly high.

A somewhat more consistent pattern can ble observed in the test scores
of children achieving below the national average. To fllustrate this
point, grade-equivalent scores on 2 variety of reading tests were drawn
€rom the publishers' manuals for the 22nd percentile child. (This par-
ticular level was chosen because it is thought to be about the average
for the ESEA Title 1 population.) Scores were collected for six instru-
sents in all, at both fall and spring data points from grade 1.7 through
6.7. Grade-equivalent gains were computed for the fall-to-spring {school
year) and spring-to-fall (sucmer) tice intervals for each test. These
gains were then divided by the number of school-year zonths in the inter-
val to yield the average nucber c¢f ;;rade-equivalent =zonths gained per

school-year morth.

Table 1 summarizes the gain data for the three tests which had eam-
pirical data points in both fall and spring (Gates-HacGinitie, 1964 ed.;
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TABLE 1

¥onthly Grade-equivalent Gafns in Reading
> at the 220d Perceatile on Tests with Two
Empirical Norsative Data Points

Gates Metro Stanford Mean

Time Period

First Grade
Summer -00 .50 .33 .28
Second Crade 1.00 .83 1.00 .94
Suxmer .00 -50 -.33 .07
Third Grade 1.90 -33 1.00 .78
Summer .33 .75 .33 47
Fourth Grade 1.00 -83 .86 -90
Summer 1.00 .75 .00 .58
. Fifth Grade 1.00 1.17 .93 1.03
Summer 1.00 .25 1.17 .81
Sixth Grade .71 -83 .57 .70
Average Grade .91 .80 -87 .87
Average Summer -47 .55 .30 44
Annual Expectation .70 -70 .70 .70
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¥etropolitan Achievezent Tests, 1970 ed.; and Stanford Achievenment Tests,
1573 ed.) The scales represented are Total Reading for the MAT and SAT
and Reading Cozprehension for the Gates-MacGinitie {(vhich does not pro-

vide Total Reading scores.) Averages calculated across grades and summers

are presented for eacﬁ test, 2nd ceans calculated 2cross tests are pre-
sented for each scheol year and each summer. The data labeled Annual Ex-
pectation are the mean monthly gains for each test over the entire period

from the end of first grade to th~ end of sixth grade.

The most significant finding reflected in Table 1 is that, on the
average, the monthly gain during the school year is alpost exactly twice
that which occurs over the suczzer. A child who maintains his status over
the ten school-month period will average .87 months of grade-equivalent
gain per school-year month from fall to spring and .44 months per month

fron spring to fall.

The same kind of analyses were carried out with three tests which have
only one empirical data point per year, the California Achievexent Test
(1970 ed.), the Iowa Tests of Basic Skills (1971 ed.), and th. SRA
Achievement Tests (1971 ed.). The results of these analyses are pre-
sented In Table 2. It is interesting to note, in that table, that school-
year gains are oniy about 3C% higher than summer gains for these tests

rather than 1007 that was observed with thosz tests normed twice 3 year.

In attespting to interpret this difference, it is igportant to note
that the basic raw-score-to-grade-equivalent conversion is probably not
significantly core accurate for the double-norced tests than for those with
-nly_one empirical data point. The Metropolitan Achievement Tests inter-
polaied grade-equivalent scores, in fact, were derived entirely froom the .
fall data points jn exactly the same manner as has generally been employed
by test publishers when only one data point was available. The practice
foilowed with the Stanford Tests was somewhat better but it, too, involved

curve fitting and ‘smoothing operations which clearly introduced some dis-

tortions.

Since the difference between the patterns of gains on the two séts of

tests cannot be adequately explained in terms of the conversions tables,

Q
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TABLE 2

¥onthly Grade-equivalent Gains in Reading
at the 22pd Percentile on Tests with

One Expirical Nordative Data Point

1lifornia iowa SRA Mean
Tize Period

First Grade i
Sumzer 1.25 .38 .25 .63
Second Grade 1.17 .95 1.33 1.15
Surmer .75 .15 .75 .55
Third Srade .67 1.03 1.17 .96
Summer . .50 .63 .75 .63
Ffourth Grade .67 .92 .67 .75
Sunpmer 1.00 .88 .50 .79
Fifth Grade .83 1.00 .83 .89
Summer .75 1.00 .75 .83
Sixth Grade .50 .83 1.00 .78
Average Grade .77 .95 1.00 .91
Average Sucmer .85 .61 . . .60 -69
Annual Expectation . .80 .81 . .82 .81
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it has to result firom ghe presence of empirical raw score distributions
both fall and .spring for one set of tests and not for the other. ¥here
tests have only a fall or a spring empirical data point, the score dis-
tributfons at the other period must b estircated by interpolation. The
data in Tables 1 and 2 suggest rather strongly that the interpolaticn
procedures used substantially overestimated gains from spring to fall and
underestinated gains from fall to spring. ’

For 22nd percentile children who maintain their status with respect
to their grade-level peers, Table 1 presents the gtade-qu}valent gains
they can be expected t6 nake on the Gates-MacGinitie, Metropolitan, and
Staaford Achf%&enen: tests since the gains shown are all empirically de-
terzined. The gains shown in Table 2 on the other hand, are not empiri-
cally determi{ned except over full-year peripdg, It is possible, however,
to estimate how the average 22nd percentile child would score on the, tests
represented in Table 2 if he showed the same relative growth rates from ’
fall to spring and spring to fall that were derived from the tests in
T»%1le 1. Such a child would have to gain 8 grade-equivaleat months over
the school year {Expectztion from Tzble 2) while growing twice as fast
from fall to spring as from spring to fall (Mean growth rates from Table 1).

If one assumes mid-October and mid-April testing dates, then the 22nd
percentile child would, on the average, show a month-fcr-month gain from
fall to spring (six months) and half-a-month-per-month gain from spring to
fall (four months) when tested with the tests normed only once a year.

The conclusion that a 22nd percentile child would show month-for-
month gains over the coiirse of the school year while simply maintaining
his status with respect to his grade-level peers seems intuitively non-
sensicsl. It becomes shocking, however, when one considers that monch-
for-month growth is often taken to be the criterion of success in special
compensatory education projects which supplement regular school experiences.

To the extent that the analysis presented above is valid, month-for-month

gains would be expected in the absence of any such special efforts!

The sum total of evidence prescented in this appendix, while not en- ,
tirély conclusive, suggests rather strongly that the obvious incongruity of
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22nd percentile children m=aring mopth-for-month gains does not resui: from
the analytic step taken to afrive at that expectation but rather from the
anomalies inherent in projectad percentile distributions ané grade-equiva-
lent scores. Such scores appear to réflect both random and systematic
errots of sufficient magnitude to invalidate any attempt to coaduct 2 norm-
referenced evaluation. If norm-referenced evaluations are to have any
credibility vhatsoever, they must be based eatirely on empirical score dis-
tributions or projections of no oore than a few weeks in either directicn

from such points.

Additional Problems with Graje-—equivalent Scores

It pight be argued that even though grade-eguivalent scores systemaé-
ically distort relationships betweén raw scores znd empirically determined
cognitive growth rates, the distortions are snali enough so that they are
more than counterbalangéd by the advantages such scores possess with re-~
spect to simplicity and ecse ;f understanding. " The evidence preseated
above should be suificient to dispel any illusions of this tyge as far as
norm—reEerenced evaluations are concerned. The following discussion is
intended to show that the apparent simplicity of grade-equivalent scores
is entirely illusory and, furthermore, that they are scaled in such a way
as to preclude their tre;tment wvith conventionzl statisticag‘igchniques.

The logical problems with grade-equivalent scores are well covered
in many of the teachers’ guiqes accoumpanying commercial tests. Specifi
calkly, a sixth grader who obtains a grade-equivalent score of four on a
test is not reaily like a median fourth ;rader at all. Similarlfz a
second sixth grader who obtains a‘éraae-equivalent score of ~2ight is not
1like a median eighth grader. All that éan be said is that these two sixth
graders obtained the same scores that median fourth and eighth graders
would have achieved on the sixth-grade test. Since their experiernces,
training, and intellectual growth rates have been very different from
the students in higher or lower grades, it is not very meaningful to make
implicit comparisons between them--particularly sifice these comparisons
contain no information as to where the two children stand with respect to

the achievement score distribution of their sixth-grade peers.

4
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The interpretation of grale-eguivalent scores £s further complicated
by the commop misconcepticn that being.& year above or below grade level
bss the same mesning at different grade levels. Zxaminatfion of the noras
tables for any staadardized achievemest test cleariy shows thar this is
not true. Oe the Metzopolitan Achievement Tests; for example, 2 second
grader vho scores & year below grade level in Totral Xeading at the end
of the school year iz at the foarth gerceantile of the zatfoaal distribu-
tion. A sixth-grade child scoring 2 year below grade level, however, is
2t the 38th perceatile. The two points 2re separated by almost one-and-
oce-half standsrd deviztions! !I: £s 2350 interesting to pote that, ac-
cctdizz;:c‘thememmtzb s 00 children In first grade or the be-
gisnirg of second grade are a Fear below grade level.

From & program evalvator's si:aﬁp:ofn:;; thé scaling probiems zre even
moTe troublesome then the logical ones. The m2ior difficnity is that
the overall relation Of achievemeatr to school grade 1s not linear, as
grade-equivalent scéres would imply. 7The effect of this non~1insar re-
lation is 1lJustrsted schematically ip Figure 6 for resding. XNo signifi-
cance :hou}d be piaced o2 the exact shape of the curve or the values In
the fi;uré. Iy is aimply intended to suggest that the average studeat
learns to rué fairly well by the time he completes junfor high school
and tbezuffer makes relatively small gains in reading speed cr comspre~
hension (38 distinguished from vocabulary).

Tl} reading skill of the 50th percentile studeat in ea2ch grade, ss
measured on an achievement test, defines the grade-equivalent zcores for
the e, 30 values on the reading-skill axis may be directly inter-

PL ted as the grade-equivalent values for ezch level of resding skill.

It can easily be seen that, on this hypotheticel curve, “half” the sixth-

grade reading skill is represented not by a third-grade score, but by

a second-grade score. Similarly, a £ifth grader would be half way between
third and ninth grade in terms of reading skill, vhile on & linear scale,

the half-say poist would be sixth grade.

While s curvilinesr relationship between grade and skill level would
be sufficient to invalidate most mathematicsl orerations performed on
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TAZLE 3

= Kean Tesding Comprehension Scores for Two
BypothHetical Students on the Comprehenzive Tests
of 3asic Skiiis (Fora R)

Rav Score Scaie Score Grade Equivaient

Pretest — Crade 6.3

Student & (16X11e) 35.00 356.0 3.70

Stodent 3 (84%ile) 36.00 573.0 9.20
Mean 24.50 484.5 6.45 - _
Grade Equivalent 5.80 6.G8 6.45
Zrror ~4.92 ~0.32 +35.7%

Posttest — Grade §.75 .
Student A (16Z1le) 17.00 415.0 4.10

Student 3 (84Z1le) 35.50 592.5 9.75
Kean 26.25 503.9 £.10
Crade Zquivalent 6.38 6.73 6.92
Ittc‘r ’ "5.51 -0.3: +2.Sz

Gain- - Grade 6.1 to 6.75

Student A (16%1ie) — —_— 0.40
Student 3 (84Zile) _— -_— 6.55
Kesn .58 -65 -&7
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grade-sequivaient scores, there i3 some evidence that actral learaing

curves are considerably more irregular, and that cu~ves for faster and

slower lesrners ave oot necessarily the ‘same shepe as those for average .
learners. In geceral, zveraging badly scaled grade-eguivalent scores

Lor students of differexr ability levels preciudes any precize interpre-

tation of group perfcrmence.

Table 3 presects an example of vhat can happen vhen scores on 2 non-
equal interval scale are averzged. Two hypotberical students were chosen
t£o present one atandard deyistion below the mezn and one standard deviation )
above the mean, respectively, on the Comprehensive Test of Basic Skillg
{Ycrm X) Reading Cozprebension Scale. Xormstive data from grades 6.1 and
6.75 were arbitrarily selected. In this case, using the gain computed from

- standard scores as the “correct™ gafn, the mezn grade-equivalent score
underestimstes the true gain by nearly two months. Walle the selected
example is probably nor typicazl of the effect, averaging a group of grade-
equivalent scores wiil alwmost aiwvays yleld a result which is substantially
different from that wvhich would be obtzined by averaging the correspon-
ding standard scores acd then converting the mean standard score to a
grade equivalent. "
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